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FOREWORD. 


The reprinting of a sixty-year-old scientific publication, for scien- 
tific reasons and in response to a scientific demand, is a rare event 
indeed. Yet it is precisely for such reasons and in response to such a 
demand that the Carnegie Institution is presenting once again its 
Publication 87, The California Earthquake of April 18 , 1906 . 

Dr. William W. Rubey, whose lifetime of investigation has influ- 
enced the course of modem geophysics so widely and deeply, and whose 
knowledge of the circumstances surrounding the 1906 earthquake is so 
unique, has honored this edition with an Introduction that provides in 
detail the setting in which the 1906 Report was made. It was Dr. Rubey 
who first sensed and emphasized the special timeliness of the Report 
today. We believe that geophysicists at large in coming years will 
share our gratitude to him. 

The reprinting has been made possible by a grant of $15,000 from 
the Harry Oscar Wood Fund for this purpose. The late Dr. Wood, a 
noted seismologist and fifteen years a Research Associate of the Insti- 
tution, was also, most apjiropriately, a Principal Contributor to this 
volume. 

(’aryl P, Haskins 
President, Carnegie Institution 




INTliODTTOTlUN. 


Recommendations to republish this book have come from numerous sources — most 
influentially, from Dr. Ian Campbell. As Stale Geologist of lh(‘ California Division of 
Mines and Geology, Dr. (Campbell was very much aware of the current widespread inter- 
est, both popular and academic, in earthcpiakes and of the demand for this report at 
librari(»s throughout California and els(‘where. 

In order to understand the place and inijmct of this rei)oii when it api)eared and to 
view it in its historical perspective, it is of interest to n^view briefly the ])rogress of the 
science of seismology internationally and in the Ihiited States uj) until th(» publication of 
this report in 1908 and 1910. 

Eartlupiakes have always been a source of keen interest — and of terror — to man. In 
ancient and medieval times, thc\v WH»re variously attributed to volcanic action, to the col- 
la])se of rock caverns, to explosions or the rushing of winds underground, and to sui)er- 
natural causes. With such a range of suggcssted explanations, it is not sur]>rising that 
individual eartluiuakes that caused great devastation and loss of lif(‘ should have become 
the object of detailed examination by persons of a curious and sce])tical turn of mind and 
with a bent toward natural philoso})hy. It is in large part the result of a series of mono- 
graphic studies by such investigators that seismology emerged as a scientific disciidine 
indep«uid(‘nt of the unrestrained speculation of earlier writeis. 

The scientific investigation of earthquakes may be said to have begun with a study, 
publislu^d in 1761 by John Michell of Cambridge TTniversity, of the great Lisbon earth- 
(piake of 1755. Micludl broke free from the interjjretations of classical writers of the past 
and relied solely on the (‘vidence of direct observations. A later milestone in the develop- 
rmmt of seismology was an investigation of a devastating c^artlapiake at Najiles in 1857. 
In 1862 Rob(»rt Mallet, a practical engineer of Dublin and later of Tjondon, published a 
classic monogra])h on this Neapolitan quake that stood without rival until R. D. Oldham’s 
report in 1899 on the great earthquake of 1897 at Assam, India. 

In the years following Mallet’s work, seismology advanced significantly as a scientific 
disci])line. Michele de Rossi, Guise])])e Mercalli, and associates in Italy; Francois Forel and 
Albert Heim in Switzerland; Eduard Seuss in Austria; Montessus de Ballore in San 
Salvador, France, and (’hile; and others in Germany and Russia described individual 
earthipiakes, compiled regiomd catalogs of their occurrences, and systemized the report- 
ing of earthquake intensities. On May 2, 1877, an earthquake was felt widely throughout 
central Europe, and in the following year the Swiss Seisrnological Commission was 
founded. It survives today as the Swiss Earthquake Service and has served as the model 
for similar organizations in other countries. 

Seismology emerged as a quantitative science in the late 1880’s in Japan. On February 
22, 1880, Yokohama was rocked by a destructive earthquake, which became the subject of 
a memoir published by John Milne, a British professor of geology and mining at the 
Imperial College of Engineering at Tokyo. The memoir was jmblished in 1880 and later 
that year, on Milne’s initiative, a group of British and Japanese teachers formed the 
Seisrnological Society of Japan. Designers and builders of the first effective seismo- 
graphs, Milne and his co-workers investigated individual (|uakes, the nature of earth- 
quake motion, and the distribution of quakes in space and time. Individuals in the group 
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performed seismic experiments by means of artificial explosions, compiled comprehensive 
catalogs of Japanese and distant earthquakes, and drew the first travel time-distance 
curves. These innovative methods of investigation were the foundations of modem 
seismology. 

The study of earthquakes advanced somewhat more slowly in North America than 
in Europe and Japan. J. D. Whitney, professor of geology at Harvard University, 
studied the Owens Valley, California, earthquake of 1872 and reported on it that same 
year. 6. K. Gilbert, of the U. S. Geological Survey, in 1884 described numerous recent 
fault scarps bordering the Wasatch Mountains and elsewhere in the Great Basin and 
compared them to similar scarps produced by the Owens Valley quake. In 1889 C. E. 
Dutton, also of the U. S. Geological Survey, published a monograph on the great Charles- 
ton, South Carolina, earthquake of 1886. In a series of articles published from 1872 
through 1886, C. G. Bockwood, professor of mathematics at Rutgers and then Princeton 
University, began the compilation of a catalog of earthquakes in the United States. Bock- 
wood’s catalog was continued for the earthquakes of California, Baja California, Oregon, 
and the Washington Territory from 1887 through 1898 by E. S. Holden, director of the 
Lick Observatory at Mount Hamilton, California, and two of his colleagues. Those annual 
lists were published as Bulletins of the U. S. Geological Survey. 

Holden installed the first seismographs in the United States at Lick Observatory 
and at the University of California at Berkeley in 1887. Probably the first seismic station 
in North America to use a seismograph with continuous recording was at Toronto in 1896. 
By 1901, there were continuous recording stations at Baltimore, Maryland; Philadelphia, 
Pennsylvania; Victoria, B.C.; and Mexico City, Mexico; and by 1904, there were stations 
in Washington, D. C. ; Cheltenham, Maryland; Sitka, Alaska; and Honolulu, Hawaii. 

In 1901 the first conference to establish an international organization of seismolo- 
gists met at Strasbourg. By the time of the second conference in 1903, twenty countries 
were represented — double the number that had attended the first. H. F. Beid, the author 
of Volume II of the present study, represented the United States and was also present 
at the first meeting of the permanent commission in 1906, which meeting led to the found- 
ing of the International Seismological Association. That organization met first at the 
Hague in 1907 and once again Reid was one of the delegates.* 

On April 18, 1906, shortly after 5:00 a.m., a great earthquake struck San Francisco 
and a long narrow band of towns, villages, and countryside to the north-northwest and 
south-southeast. Many buildings were wrecked; hundn»ds of people were killed; electric 
power lines and gas mains were broken. Fires broke out and burn(»d wildly for days, utterly 
out of control because of severed water mains. 

The ground had broken open for more than 270 miles along a great fault — the San 
Andreas rift. The country on the east side of the rift had moved southward relative to 
the country on the west side of the rift. The greatest displacement had been 21 feet about 
30 miles northwest of San Francisco. 

Nearly all the scientists in California began immediately to assemble observations 
on the results of the quake. Professor A. C. Lawson, chairman of the geology department 
at the University of California, took the first steps that led to Governor George C. Pardee’s 
appointment, three days after the shock, of a State Earthquake Investigation Commis- 
sion to unify the work of scientific investigations then under way. The members of this 


•Gutenberg, Beno, Seismology, in Geology, 1888-19,Hti, fjOth Aiiiiiv. Vol. Gool. Soc. Amer., p. 466, 1941. 
Much additional information about the history of seismology may be found in : 

Geikie, Sir Archibald, The Founders of Geology, 2nd ed., Macmillan & Co., 1905. Reprinted, Dover Pubs., 
Inc., 486 pp., 1962. 

Adams, F. D., The Birth and Development of the Geological Sciences, Dover Pubs., Inc., 1938. Reprinted, 
506 pp., 1954. 

Davison, Charles, The Founders of Seismology, Cambridge Univ. Press, 240 pp., 1927. 
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Oommisaion were Professor Lawson, Chairman; J. C. Branner, professor of geology 
at Stanford University ; Charles Burckhalter, director of the Chabot Observatory at 'Oak- 
land; W. W. Campbell, director of Lick Observatory; George Davidson, professor of 
astronomy at the University of California; 0. K. Gilbert, geologist of the U. S. Geological 
Survey; A. 0. Leuschner, professor of astronomy at the University of California; and 
H. F. Reid, professor of geology at Johns Hopkins University. With the exceptions of 
Gilbert and Reid, none of the Commission members were then known as students of 
earthquakes. Nevertheless, they were a distinguished and highly competent group of 
men. Two of the geologists and two of the astronomers were then members of the National 
Academy of Sciences and three others subsequently became members of that body. 

At its first meeting three days after it was appointed, the Commission organized 
itself into two committees. One, chaired by Lawson, was to determine surface changes 
associated with the earthquake and to collect data on the intensity at different places. The 
second committee, with Leuschner as chairman, was assigned the collection of data on 
the time* of arrival of the earthquake at different places. A few weeks later, when the main 
features of the quake had become known, a third committee, led by Reid, was api)ointed to 
consider problems of the geophysics of the earthquake. The three committees consisted of 
members of the Commission and 21 other scientists, many of whom — such as Fusakichi 
Omori, professor of seismology at the Imperial University of Tokyo and one of the 
greatest seismologists of Japan — were already well-known and many others who later 
became internationally known as leaders in geology, mathematics, meteorology, and other 
(i(*lds of science. 

No State funds were available to defray the <*xpenses of the Commissions investigation, 
Imt provision for this purpose was made by the Carnegie Institution of Washington. 

The Commission submitted a preliminary report of twenty pages to Governor Pardee 
on May .11, 1906. In November of the same year, the constitution of the Seismological 
Society of America was adopted. The first president of the Socitdy was George Davidson, 
followed in successive years by A. C. Lawson, J. C. Branner, and A. G. McAdie, a member 
of CJommittee II of the Earthquake Commission. The secretary of the Society for many 
years was S. I). Townley, also a member of Committee II. 

In preparation of tin? final report, hundreds of i)eoj)le were interviewed and evidence 
was collected from every damaged area as well as from records from seismograph stations 
throughout the world. Lawson spent the winter of 1906-1907 in Washington compiling 
and editing individual reports from more than twenty collaborating scientists. He pre- 
pared an introduction, a section on the geology of the (V)ast Ranges, and many explana- 
tory statements and summaries to weld the work into one unified report. Volume I, parts 
T and 11, and tin* acco!n))anying folio atlas were ])iiblished in 1908 by the Carnegie 
Institution of Washington. Volume II, The MechoTiics of f hr Earthquake, hy H. V.'Roidj 
followed in 1910. 

The exhaustive rejwrt was favorably received on its publication and it continues even 
today to be very highly r(»garded by seismologists, geologists, and engineers concerned 
with eartlKpiake damage to buildings. Volume T, established a model of earthquake inves- 
tigation and reporting that has been widely followed e\M»r since. Furthermore, it affords 
an invaluable pictorial record against which tectonic and other geologic changes since 
1906 can be compared. Reid’s masterly presentation of the elastic rebound theory of 
earthquak(^H in Volume II, remains today an apparently satisfactory explanation of one 
of the more important mechanisms of seismic activity. In all, the report stands as a mile- 
stone in th(* development of an understanding of earthquake mode of action and origin. 

William W. Rubey 




PREFACE. 


The aeconiii of the California eartliquake of April 18, 1906, contained in this 
report, exemplifies the spirit of cooperation whieli pervades tlie scientitic work in our 
day. Immediately followinj^ the great shock not only was the necessity of a scientific- 
inquiry generally perceived, but it was realized that the occasion afforded an exet^j)- 
tional opportunity for addling to our knowledge of earthquakes. The scientific men 
of the state, each on his own initiative, began the work of assembling observations ; 
the more intelligent citizens became persistent in tlicir inquiries as to the nature of 
the carth([uake., its extent and intensity, and the causes in general of such terrible 
disasters; and the slate, thru its then (governor, George C'. Pardee, unified the work 
of scientific investigation by the a{)pointincnt of a committee of eight to direct the 
work. 'Fhis committee was ap|)ointed on April lil, 1906, and became known as tlie 
State Earthquake Investigation Commission. On May 31, 1906, the Commission 
submitted a ‘‘Preliminary Reimrt'’ to the Governor, which was printed and very 
generally distributed. In this report the details of the organization of the Commis- 
sion, the j)rograra of its work, and the results attained to that date are set forth. Put 
while the ('ommission acted under the authority of the Governor of the State, no 
money was provided by the Government for tlie conduct of its work. The embar- 
rassment arising from this lack of funds was relieved about June 1, li^OC, by a sub- 
vention from the Carnegie Institution of Washington, which enabled the (Vmimission 
to prosecute its work as it had been planned. 

About the end of the year 1906, the greater part of the observational data having 
been collected, the work of sifting, co^irdijiating, com])iling, and editing the same 
devolved upon the Chairman of the Commission. The results of this work, including 
several 8j)ecial papers by various investigators, are contained in Volume I, parts I 
and 11, of the report and in the twenty-five maps of the iiccompanying atlas. In this 
volume especial effort has been made to give due credit to every contributor, whether 
he be a scientific writer discussing some particular phase of the gmicral problem, or 
a citizen assisting witli local information. In all cases wliere tliere is no ascription 
of authorship the C'hairinan of the (’ommission is rcsimnsiblc for the statements made. 
The multiplicity of contributors lias made it inconvenient to duplicate their names 
in the already lengthy tabic of contents. 

In general, Volume I is a record of observations with quite subordinate discussion 
of the facts recorded. The effort to condense the record as far as possible has been 
teiniiered by the desire to omit no significant fact, so that the record may be as 
complete as possible for purposes of comparison with similar events which may occur 
in years to (*onie. In the jireparation of this volume the Ghairman of the ('Ommission 
gratefully acknowledges the kind advice and cordial assistance of Messrs. G. K. Gil- 
bert and H. F. Reid. The Commission is also under great obligation to its Secretary, 
Mr. A. O. Leuschnor, for his very efficient services. 

Volume II is chiefly a discussion of instrumenhil records and of the data bejiring 
upon the mechanics of earthquakes, by Mr. H. F. Reid, who also contributes a general 
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PREFACE. 


discussion of the theory of the seismograph, which is the first to appear in English. 
Accompanying this volume are many seismograms of the earthquake, which appear 
in the general atlas. These seismograms are records of the shock as registered at 
almost all the seismological stations the world over, and are published at the sug- 
gestion of the International Seismological Association fur purposes of comparison with 
one another, to the end that the best recording devices may be generally adopted, 
and also for comparison with the similar series of seismograms of the Valparaiso earth- 
quake of August 16, 1906, which has been published by the Association. 

Andrew C. Lawson, 

Chairman State Earthquake Investigation Commission. 

Beiikelry, May 31, 1908. 
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THE CALIFOENIA EAETHQUAKE OF APRIL 18, 1906. 


INMODOCTION. 

On the morning of April 18, 1906, the coastal region of Middle California was shaken 
by an earthquake of unusual severity. The time of the shock and its duration varied 
slightly in different localities, depending upon their position with reference to the seat 
of the disturbance in the earth’s crust; but in general the time of the occurrence may 
be stated to be S'* 12“ a. m. Pacific standard time, or the time of the meridian of longi- 
tude 120° west of Greenwich; and the sensible duration of the shock was about one 
minute. 

The shock was violent in the region about the Bay of San Francisco, and with few 
exceptions inspired all who felt it with alarm and consternation. In the cities many 
people were injured or killed, and in some cases persons became mentally deranged, as 
a result of the disasters which immediately ensued from the commotion of the earth. 
The manifestations of the earthquake were numerous and varied. It resulted in the 
general awakening of all people asleep, and many were thrown from their beds. In the 
zone of maximum disturbance persons who were awake and attending to their affairs 
were in many cases thrown to the ground. Many persons heard rumbling sounds imme- 
diately before feeling the shock. Some who were in the fields report having seen the 
violent swaying of trees so that their top branches seemed to touch the ground, and others 
saw the passage of undulations of the soil. Several cases are reported in which persons 
suffered from nausea as a result of the swaying of the ground. Many cattle were thrown 
to the ground, and in some instances horses with riders in the saddle were similarly 
thrown. Animals in general seem to have been affected with terror. 

In the inanimate world the most common and characteristic effects were the rattling 
of windows, the swaying of doors, and the rocking and shaking of houses. Pendant 
fixtures were caused to swing to and fro or in more or less elliptical orbits. Pendulum 
clocks were stopt. Furniture and other loose objects in rooms were suddenly displaced. 
Brick chimneys fell very generally. BuUdings were in many instances partially or 
completely wrecked; others were shifted on their foundations without being otherwise 
seriously damaged. Water or milk in vesstds was very commonly caused to slop over or 
to be wholly thrown from the vessel. Many water-tanks were thrown to the ground. 
Springs were affected either temporarily or permanently, some being diminished, others 
increased in flow. Landslides were caused on steep slopes, and on the bottom lands of 
the streams the soft alluvium was in many places caused to crack and to lurch, pro- 
ducing often very considerable deformations of the surface. This deformation of the 
soil was an important cause of damage and wreckage of buildings situated in such tracts. 
Railway tracks were buckled and broken. In timbered areas in the zone of maximum 
disturbance many large trees were thrown to the ground and in some cases they were 
snapt off above the ground. 
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The most disastrous of the effects of the earthquake were the breaking out of fires and, 
at the same time, the destruction of the pipe systems which supplied the water neces- 
sary to combat them. Such fires caused the destruction of a large portion of San Fran- 
cisco, as all the world knows; and they also intensified the calamity due to the earth- 
quake at Santa Rosa and Fort Bragg. The degree of intensity with which the earthquake 
made itself felt by these various manifestations diminished with the distance from the 
scat of disturbance, and at the more remote points near the limits of its sensibility it 
was perceived only by a feeble vibration of buildings during a brief period. 

The area over which the shock was perceptible to the senses extends from Coos Bay, 
Oregon, on the north, to JiOS Angeles on the south, a distance of about 730 miles; and 
easterly as far as Winnemucca, Nevada, a distance of about 300 miles from the coast. 
The territory thus affected has an extent, inland from the coast, of probably 175,000 
square miles. If we assume that tlus sea-bottom to the west of the coast was similarly 
affected, which is very probably true, the total area which was caused to vibrate to such 
an extent as to be perceptible to the senses was 372,700 square miles. Beyond the 
limits at which the vibrations were sufficiently sharp to appeal to the senses, earth waves 
were -propagated entirely around the globe and were recorded instrumentally at all the 
more important seismological stations in civilized countries. 

The various manifestations of the earthquake alx>ve cited, including the cracking and 
deformation of the soil and incoherent surface formations, were the results of the earth 
jar, or commotion in the earth’s crust. The cause of the earthquake, as will be more 
fully set forth in the Ixxly of this report, was the sudden rupture of the earth’s crust 
along a line or lines extending from the vicinity of Point Delgada to a point in San 
Benito County near San Juan; a distance, in a nearly straight course, of about 270 miles. 
For a distance of 190 miles from Point Arena to San Juan, the fissure formed by this 
rupture is known to be practically continuous. Beyond Point Arena it passes out to 
sea, so that its continuity with the similar crack near Point Delgada is open to doubt; 
and the latter may possibly Ix) an independent, tho associated, rupture parallel to the 
main one south of Point Arena. It is most probable, however, that there is but one 
continuous rupture. The course of tliis fissure for the 190 miles thru which it has been 
followed is nearly straight, with a bearing of from N. 30° to 40° W., but with a slight 
general curvature, the concavity being toward the northeast, and minor local curvatures. 
The fissure for tho extent indicated follows an old line of seismic disturbance which 
extends thru California from Humboldt County to San Benito County, and thence 
southerly obliquely across the Coast Ranges thru the Tejon Pass and the Cajon Pass into 
the Colorado Desert. This line is marked by features due to former earth movements 
and will be nifciTcd to in a general way as a rift, the terra being adopted from the 
usage for analogous features in Palestine and Africa.^ To distinguish it from other rifts 
of similar origin, it will be rciferred to more specifically as the San Andreas Rift, the 
name being taken from the San Andreas Valley on the peninsula of San Francisco, where 
it exhibits a strongly pronounced character and where its diastrophic origin was first 
recognized in literature. 

The plane or zone on which the rupture took place is, so far as can Ixj determined 
from a study of the surface phenomena, nearly vertical; and upon this vertical plane 
there occurred a horizontal displacement of the earth’s crust or at least of its upper 
part. The displacement was such as to cause the country to the southwest of the rift 
line to be moved northwesterly relatively to the country on the northeast side of that 
line. The differential displacement in a horizontal direction was probably not less than 
10 feet for the greater part of the Rift; in many places it measured over 15 feet, and in 
one place as much as 21 feet. 

' Roy. Geograph. Soc. vol. iv, 4, 1894. The Great Rift Valley, by J. W. Gregory, London, 1896. 



INTRODUCTION. 


3 


This differential displacement of the earth’s crust along the plane of rupture constitutes 
afattU, and will be so referred to in the text of the report. It is named the San Andreas 
fault. The intersection of the fault plane or narrow zone with the surface of the grotmd 
is manifested by cracks, heaved sod, scarps, etc., and these manifestatiot^ are desig- 
nated the fault-trace. As a result of this fault, all the fences, roads, railways, bridges,, 
tunnels, dams, pipes, and other structures which crost its path were dislocated. All 
property lines and other survey lines which were intersected by it were offset. Inasmuch 
as the movement of the earth which caused the fault was not confined to its immediate 
vicinity, but was distributed over a considerable belt of country on either side of the 
trace of the rupture, the latitudes and longitud(;s of a large portion of the Coast Ranges 
of California were changed, and the triangles established by the Coast and Geodetic 
Survey in its triangulation of the region were distorted. 

In addition to the horizmital displacement there was, particularly toward the northern 
end of the fault, a vertical displacement probably nowhere exceeding 2 to 3 feet, whereby 
the country to the southwest was raised relatively to that to the northeast. In many 
places, however, particularly toward the southern end of the fault, no vertical displace- 
ment can be detected ; and there is some indication that, if there was vertical displace- 
ment in this repon, it was the reverse of that observed in the northern portion of the 
fault- This rupture of the earth’s crust gave rise to certain manifestations at the surface 
which resemble those described above as a result of the vibratory commotion of the 
earth, due to the sudden displacement. The cracking and rending of the surfa(!(! along 
the line of the fault is a direct expression of the rupture and dLsplacoment which origi- 
nated the earthquake, whereas the cracks, fissures, and lurching of the soft bottom lands 
and the landslide cracks on the hillsides, whether near the fault lines or remote from it, 
arc referable to the oscillation of the crust. The two classes of phenomena must, there- 
fore, be discriminated, particularly as there has b(!on a tendency on the part of some 
observers to class the secemdary phenomena with the primary and Interpret the former 
as Indicative of fault lines in the earth’s crust, when in reality they are merely superficial 
phenomena. 

While the shock was perceptible to the senses to the extent above indicated in California, 
Nevada, and Oregon, the distribution of the higher grades of intensity was remaricably 
linear and was definitely related to the fault line, and to the general trend of the coast of 
California. This may be brought out in a preliminary way by stating that a zone of 
destructive effects extends parallel to the Rift from Humboldt Bay, In Humboldt County, 
to the vicinity of King City in Monterey County, a distance of 350 miles. If we take the 
throw of brick chimneys and allied phenomena as indicating the limits of what may be 
called destructive effects, the width of this zone may be fairly approximated at about 
70 miles, or about 35 miles on either side of the fault, or its prolongation where no actual 
fault is observable at the surface. The length of this zone of destruction is thus five 
times greater than its width, and the total area within which the shock was sufficiently 
severe to throw brick chimneys may be placed at something over 25,000 square miles; 
it being assumed that the severity to the southwest of the fault, beneath the waters of 
the Pacific, was equal to that on the land. If the fault near Point Delgada be rcganled 
as distinct from that extending from Point Arena southeasterly, then the total area of 
these high intensities would be considerably larger in the direction of the Pacific. 

Within this outer limit of destructive effects the intensity increased toward the fault. 
But proximity to the fault was not the only factor determining the degree of intensity. 
The soft, more or less incoherent, and water-saturated alluvial formations of the valley- 
bottoms were much more severely shaken than the rocky slopes of th(! intervening 
ridges, and the structures upon them were consequently more commonly and more 
completely wrecked. It is not understood by this excessive damage on the valley- 
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bottoms that the vibratory movement due to the passage of the earth-wave was 
characterized by greater energy than where it traversed elastic rocks; but that this 
energy was manifested in a form of movement more destructive to structures upon 
the surface. The intensity of the shock upon the valley-bottoms, as inferred from 
damage, seemed abnormally high. In terms of energy it was probably not abnormal. 
It thus became necessary to discriminate between apparent intensity and reof iniensity. 
Inasmuch as we have to deal primarily with observable effects and record these as 
a basis for inference, it has been found convenient -to use the term “apparent inten- 
sity” in a technical sense thruout the report; and all the grades of intensity specified, 
even when the qualification “apparent” is omitted because of the wearisomeness of its 
reiteration, are grades of “apparent intensity” arrived at by applying literally the 
criteria of the Rossi-Forel scale. 



GEOLOGY OP THE COAST SYSTEM OP MOUNTAINS. 


DEFINITIONS. 

In common with many other mountainous tracts the world over, the Coast System has 
limits which are difficult of precise definition. The criteria which serve to discriminate 
one tract from another are various and have different values in different cases. Any 
attempt at precise definition must be more or less arbitrary. An outline of the extent 
and subdivisions of the system will, however, be presented in summary fashion. 

On the north the Coast Ssrstem extends to the northern end of Humboldt County, and 
in that county and in southern Trinity County the last typical ridge is South Fork 
Mountain. This is a remarkably linear ridge beginning near the coast and extending 
with a northwest-southeast course to the vicinity of North Yallo Bally Mountain. Be- 
yond South Fork Mountain to the northeast lie the Klamath Mountains, a group more 
nearly allied in the history of its uplift and in its constituent rocks to the Sierra Nevada 
than to the Coast Range. On the south the Coast System is sometimes regarded as 
ending in Santa Barbara County; and the mountains of Southern California, thence 
east-southeast and south to the Mexican boundary, are regarded as a distinct system, 
being viewed as a northerly prolongation of the orographic axis of the peninsula of 
Lower California. The chief consideration favoring this distinction is the change in 
trend of the mountain ridges, which becomes apparent just north of the Santa Barbara 
Channel. Other facts favor this discrimination, such as the prevailing absence of the 
Franciscan formations in the mountains of southern California and the greater abun- 
dance of granitic rocks; but more especially the greater incisiveness of the structural 
lines, indicating, on the whole, more intense orogenic action. But these considerations 
are largely offset by the unmistakable continuity of the tectonic lines of the northern 
ranges into the mountains of southern California, and by the fact that the movements 
to which their larger features are due date from the close of the Tertiary. It would 
seem, therefore, that there is sufficient unity of character in these coastal mountains, in 
spite of their change of trend, to warrant their being classed as the Coast System from 
South Fork Mountain south to the Mexican boundary and beyond. That term may 
be used in a comprehensive sense, significant of the genetic and structural unity which 
runs thru them. 

It will nevertheless be very convenient to recognize three subdivisions of the Coast 
System thus outlined. The first of these subdivisions extends from South Fork Moun- 
tain on the north to the Valley of the Cuyama River on the south, and may, in accord- 
ance with popular usage, be referred to simply as the Coast Ranges, the term “system” 
being used only when it is intended to express the more comprehensive view. The second 
subdivision 1^ a broad chain extending from Santa Barbara County to the far side of the 
Colorado desert with a general trend of west northwest-east southeast, and including the 
San Rafael, Santa Ynez, Santa Susannah, Santa Monica, San Gabriel, and San Ber- 
nardino Ranges, and also, perhaps, the ^ocolate Range. This chain is sometimes 
referred to as the Sierra Madre, tho the full application of the term in popular usage is not 
clear. The third subdivision embraces the mountainous country south and southeast 
of the valley of Southern California, the principal ranges of which are the Santa Ana and 
the San Jacinto. These have the northwest-southeast trend of the Coast Ranges and, 
in accordance inth the suggestion of some of the earlier writers on Californian geology, 
may be referred to as the Peninsular chain. 
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GEOLOGICAL HISTORY. 

The Coast Ranges of California have had a long and varied geological history. Their 
structure is complex and the sequence of formations differs at different points. Several 
of the more important groups of sedimentary rocks contain, so far as known, but few 
fossils or none at all. Only in recent years have the topographic maps necessary for 
an adequate study of the stratigraphy and structure of the region become available, 
and then only for limited areas. Nevertheless the general outlines of the geology of 
the Coast Ranges are known, and in some of the localities which have been topograph- 
ically mapped, a considerable body of detailed information is at hand. 

The oldest sedimentary rocks of the Coast Ranges are of unknown age. They com- 
prize impure and somewhat magnesian limestone, quartzites, and various crystalline 
schists. The limestones are usually in the form of coarse marble varying in color from 
dark gray to white and containing frequently some graphite and less commonly lime 
silicate. The quartzites are thoroly indurated, as a rule, sometimes to the extent of be- 
ing vitreous, and usually show well-marked stratification. The schists have as yet been 
little studied, and no aclequate observations upon their character in detail have been 
put on record. They are known, however, to comprize both micaceous and homblcndic 
varieties. 

These marbles, quartzites, and crystalline schists arc known only in more or less 
fragmentary form, associated with considerable bodies of granitic rocks which have 
invaded them as batholiths. The most common occurrence of the marbles, quartzites, 
and schists is in the form of limited belts and isolated patches embedded in the granitic 
rocks, -or in limited areas flanking the margins of the batholiths, and showing evidence of 
contact metamorphism. It is evident in most cases, and is probably generally true, 
that the granite of th^ Coast Ranges is of later date than the metamorphic sedimentary 
rocks associated with them. While the age of these pregranitic sedimentary formations 
is at present unknown, the age of the granite is suggested by its seeming identity with the 
granite of the Sierra Nevada. The latter is a vast batholith known to be intrusive 
in Paleozoic and Mesozoic strata as late as the Upper Jurassic. This granite has been 
followed thru the Sierra Nevada to Tehachapi and Tejon Pass, where the range curves 
sharply around and passes into the Coast Ranges. Passing northerly thru the Coast 
Ranges, granite identical in character with that of the Sierra Nevada, and carrying 
Identical inclusions of older sedimentary rocks, is traceable in more or less extensive 
areas from tlic upper reaches of the Cuyama River .to Bodega Head on the coast north of 
the Golden Gate. It thus seems probable that the granite of the Coast Ranges, like 
that of the Sierra Nevada, is of late Jurassic or postJurassic age. The granitic rocks of 
the Goast Ranges, together with the pregrani^c rocks into which they are irruptive, 
constitute a complex which is thus the probable analogue of the Bedrock Complex of the 
Sierra Nevada. 

This Coast Range Complex was subjected to vigorous erosion and then submerged to 
SCTve as the sea floor upon which the series of rocks known as the Franciscan was 
deposited. This series consists for the most part of medium coarse, dark gray or 
greenish-gray sandstone, strongly indurated, with subordinate shales and conglomerates. 
Intercalated with these sandstones are important horizons of foraminiferal limestone 
and radlolarian chert and admixtures of volcanic rocks, chiefly basaltic in character. 
In the vicinity of the Bay of San Francisco, where the series is best known, it falls into 
seven stratigraphic divisions. These arc in ascending order: 

(1) A group of arkose sandstones with some conglomerates and shales reposing uncon- 
formably upon the Montara granite and with an aggregate thickness of ateut 800 feet. 

(2) A formation of light-gray, very compact and fine-textured foraminiferal lime- 
stone ranging in thickness from about 60 to possibly a few hundred feet. 
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(3) Sandstones aggregating 2,000 feet in thickness. 

(4) A formation of radiolarian cherts from 100 to 900 feet. 

(6) Sandstone, 1,000 feet. 

(6) Radiolarian cherts, 500 feet. 

(7) Sandstone, 1,400 feet. 

In this sequence of sedimentary strata, particularly toward its upiMjr part, there are 
intercalated lavas at various horizons. 

After their accumulation, but before the next higher series of rocks was deposited upon 
them, the Franciscan strata were invaded by intrusive rocks at points so numerous and 
so widespread thruout the Coast Ranges that these intrusive bodies constitute one 
of their most characteristic associations, in contrast to the series which succeed them. 
The intrusive rocks are of two gcnieral t 3 q)es. One is a highly magnesian rock, usually 
a peridotite, but with facies of pyroxenite and gabbro, the peridotite being generally 
almost completely serpentinized. The other is a basaltic rock grading into diabase and 
having in many of its occurrences the peculiar structure characteristic of the spheroidal 
basalts. In addition to the spheroidal structure on the gross scale, it is in some cases 
variolitic. Associated with both of these intrusives are areas, generally of limited 
extent and sporadic distribution, of glaucophane and other crystalline schists, which 
appear, where they have been most thoroly studied, to be the result of a peculiar kind of 
contact metamorphism. 

The stratigraphic composition of the Franciscan series indicates an interesting to-and- 
fro migration of the shore line of that time, probably due to a vertical oscillation of the 
continental margin. The basal group of sandstones, shales, ami conglomerates is clearly 
a terrigenous deposit laid down in proximity to the margin of the continental area from 
which the sediments were derived. The next succeeding formation, the foraminiferal 
limestone, on the contraiy, is nonterrigenous. Its character as nearly i)ure carbonate 
of lime, except for the flinty lenses and nodules it contains, and the abundance of foram- 
iuifera, indicates that the sea-bottom over the present position of the San Francisco 
Peninsula was too remote from the shore to receive an admixture of sand or clay. That 
is to say, the conditions which favored the deposition of the limestone were inaugurated 
by a withdrawal of the shore line from the position which it occupied during the deposi- 
tion of the underlying sandstones. And this lateral migration of the shore was doubtless 
the result of a sinking of the coast. 

Alx)ve the foraminiferal limestone sandstones again occur, indicating a return of the 
shore to about its former position, doubtless due to an uplift of the sea-bottom and coast. 
These sandstones are in turn followe<l by a nonterrigenous formation of radiolarian cherts. 
These are for the most part flinty rocks containing abundant remains of radiolaria, 
marine organisms which secrete a siliceous test instead of a calcareous one, as in the 
case of the foraminifera. They contain no admixture of sand, and the shaly partings 
which stearate the layers of chert are very doubtfully referable to land waste. Here 
again the sea bottom must have been deprest and the shore line caused to withdraw. 
These radiolarian cherts are -followed again by sandstones, and these by a second forma- 
tion of radiolarian cherts, the former as before indicating uplift of the sea-lmttom and the 
latter depression. The last movement in Franciscan time was uplift, indicated by the 
sandstones, which rest upon the second horizon of radiolarian cherts and which constitute 
the topmost formation of the Franciscan series. 

The age of the Franciscan is not positively known. Certain general considerations, 
however, contribute data upon which a tentative judgment as to this questipn may be 
based. Stratigraphically, the Franciscan lies upon thccroded surface of the Coast Range 
granites, the correlation of which with the post-Jurassic granites of the Sierra Nevada 
has been suggested. If such correlation be adopted, the age of the Franciscan must be 
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post-Jurassic. On the other hand, the Franciscan is clearly pre-Knoxville; and the 
Knoxville has usually been regarded as the local base of the Cretaceous. Fossils are 
scarce in the Franciscan, but such fragmentary forms as have thus far been found point 
to a Cretaceous age. It would seem not improbable/ therefore, that the Franciscan 
represents a pre-Knoxville division of the Cretaceous, which has not as yet been recog- 
nized in the geological scale. The question, however, requires further investigation before 
a final decision can be reached. 

After the accumulation of the Franciscan strata as thus characterized, and perhaps 
in connection with the invasion of the series by peridotitic and basaltic intrusives, 
the region was folded and broken, and elevated within the zone of erosion. The 
elevatory movement was probably quite general. The Franciscan, while subjected to 
general denudation, was probably nowhere stript down to the underlying basal complex 
before it was submerged to receive the next succeeding sedimentary strata. These 
comprize the Knoxville formation, consisting wholly of shales and sandstones with quite 
subordinate layers and lenses of limestone, all in very regular and rather thin strata, 
significant of deposition in a shallow basin imder fluctuating conditions of transportation. 
The Knoxville varies in volume from a few hundred to several thousand feet and is widely 
distributed over the Coast Ranges. It is succeeded in the vicinity of the Bay of San 
Francisco, and to a less marked degree in other parts of the Coast Ranges, by a formation 
of coarse conglomerate known as the Oakland conglomerate. This conglomerate attains 
a thickness of over 1,000 feet in places and follows the Knoxville shales in apparently 
conformable sequence. The change in the character of the deposits from shales to coarse 
conglomerates, without any interruption in the continuity of sedimentation, suggests 
an orogenic disturbance of the mar^ns of the basin within which the Knoxville beds 
were accumulating, whereby the grades of the streams were greatly accentuated and the 
degradation of the continental region correspondingly accelerated. 

The Oakland Conglomerate, or, where that is missing, the Knoxville shale, is directly 
followed by a formation of thick bedded sandstones and shales known as the Chico 
formation. It has a thickness in places of many thousands of feet. The entire volume of 
strata, from the base of the Knoxville to the top of the Chico, is usually referred to as 
the Shasta-Chico Series, the Shasta comprizing the Knoxville and Oakland formations, 
together with certain other paleontological subdivisions not here particularly men- 
tioned. The series is remarkable for its great volume. In the northern Coast Ranges 
to the west of the Sacramento Valley, the thickness of the sedimentary section, com- 
prizing practically only sandstones and shales, is as much as 29,000 feet. This vast 
accumulation of strata clearly signifies the development of a great geos 3 rncline, or depres- 
sion of the sea-bottom in that region in which deposition kept pace with subsidence 
thruout this portion of Cretaceous time. The Shasto-Chico series is usually regarded as 
comprizing the whole of the California Cretaceous, but the considerations cited above 
in regard to the Franciscan indicate that the latter may perhaps be included in the 
lower Cretaceous section of this region. 

The movements which brought the Mesozoic to a close and inaugurated the Tertiary 
in the Coast Range region were not those of violent orogenic deformation such as charac- 
terize this period of geoloj^cal time in many other parts of the world; but were rather of 
the nature of a partial elevation of the region, with quite gentle deformation, resulting 
in a notable restriction of the basin of deposition. The earliest Eocene strata show no 
marked structural discordance with the Chico. It is nevertheless very probable that a 
notable unconformity exists, since the abundant and characteristic Cretaceous fauna 
disappeared and was supplanted by an almost totally distinct assemblage of life forms. 
The j^cene of the California Coast Ranges falls into two paleontologically distinct 
groups which have been classed together as the Karquines series. The lower of these 
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comprizes about 2,000 feet of sandstones, portions of which arc green sands, together with 
some shales. These make up the Martinez group. Its distribution, so far as known at 
present, is quite limited and is confined to the middle Coast Ranges on their eastern side, 
between Clear Lake and Mount Diablo. The upper division of the Karquines is known 
as the Tejon group, and comprizes also about 2,000 feet of sandstones, often somewhat 
ferruginous and weathering reddish, but very strongly cemented. The Tejon strata 
are apparently conformable upon the Martinez, but the sharp contrast in the faunal 
contents of the two groups suggests rather widespread physiographic changes at the 
close of the Martinez which may be regarded as indicative of unconformity. The Tejon 
strata are much more widely distributed than the Martinez, a fact which suggests the 
enlargement of the Karquines basin of deposition by subsidence of the coast during the 
progress of Eocene time. 

The next succeeding group of rocks, belonging to the Oligocenc division of the Ter- 
tiary, has been named the San Lorenzo Formation.* It is known in Santa Cruz County, 
where it attains a thickness of 2,300 feet, made up chiefly of gray shales and fine sand- 
stones. Its stratigraphic relations to the Tejon are not yet known, but its fauna is said 
by Arnold to contain many species which appear to be closely related to Tejon forms. 
It may thus be considered as following the Tejon conformably. It is in certain sections 
known to be unconformablc beneath the oldest formation of the Miocene, known as the 
Vaqueros Sandstone, indicating that after the deposition of the San Lorenzo formation, 
the region of the Coast Ranges was disturbed and uplifted into the zone of erosion; 
and the following facts regarding the transgression of the Miocene Sea indicate that this 
uplift was a very extensive one. Such an uplift in time immediately preceding the 
Miocene is further indicative of a much closer relationship between the San Lorenzo 
and the Tejon than between the former and the Monterey. 

Miocene time in the Coast Range region was characterized by a progressive subsi- 
dence with oscillations of the coast. The Miocene sea gradually transgrest the conti- 
nental mar^n from the southwest, and as it did so spread a formation of arkose sands and 
conglomerates over the greater part of the southern Coast Ranges. This was followed, 
as the water deepened with progressive subsidence, by a remarkable deposit of bitumi- 
nous shales. These shales are usually whitish or cream-colored, tho often of a purplish 
or other dark tint, and may be either of a soft chalky consistency, or opaline, or hard and 
flinty. It is thruout an essentially siliceous formation and is largely diatoraaceous in 
character, tho more or less admixt with volcanic pumiceous ash. In some portions 
the ash is a prominent constituent, and in San Luis Obispo County there is a deposit 
aggregating about 1,000 feet in thickness of wcU-stratifled volcanic tuff and agglomerate. 
In San Mateo County there are basalts which were erupted at this period, interstratified 
with these siliceous shales, thin bods of more or less ferruginous and somewhat mag- 
nesian limestones arc by no means uncommon. They are, however, lenticular or non- 
persistent, and are of a very compact texture and usually nonfossiliferous. There are 
also in some places thin but persistent beds of a peculiar, very hard, fine-grained, light- 
colored sandstone intercalated with the shales. In the southern portion of the Coast 
Ranges the bituminous shales accumulated to a thickness of several thousand feet, but 
in the middle Coast Ranges, in the vicinity of the Bay of San Francisco, the Miocene sea 
was characterized by an oscillatory or to-and-fro migration of its eastern shore line, due 
to alternate uplift and subsidence of the coast, quite analogous to that described for 
the Franciscan period. This gave rise to an alternation of shallow water in which sand- 
stones were deposited, and deep water in which siliceous ooze accumulated with but 
little admixture of terrigenous material. We have thus in the territory between Mount 
Diablo and the Bay of San Franeisco an alternation of four formations of bituminous 


• Arnold, U. S. G. S. Professional Paper No. 47, p. 16. 
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shale with five formatfons of sandstone, the latter being at the bottom and top of the 
series. The series is known as the Monterey series, and its various members have dis- 
tinctive formational names. While the osciUatron of the coast so clearly recorded in the 
strata nearthe Bay of San Francisco is not apparent in the southern Coast Ranges, it is 
by no means certain that they were not affected in a similar way. The vertical move- 
ment involved was not great, and such a movement might have extended over the deeper 
portions of the area of deposition in Monterey time without effecting a sufficient change 
in the depth of the water to alter the character of the sednnents. The Monterey sea 
apparently did not, even at the time of its maximum transgression, extend far over 
the region of the northern Coast Ranges, and a line drawn from Tchachapi to Cape 
Mendocino would probably represent the general position the sh(»e at the close of 
Monterey time. 

At the close of the Miocene, the Coast Range region was disturbed by orogenic move- 
ments and uplifted into the zone of erosion. It was them dei»«st ftregularly so as to 
give rise to local basins of sedimentation In which accumulated great thicknesses of Plio- 
cene beds, particularly about the Bay of San Francisco and southward. The oldest of 
these Pliocene formations is the San Pablo, which lies unconfomoably upon the Monterey 
strata. This is essentially a sandstone formation with a thickness of from 1,000- to 2,000 
feet. It occurs on both sides of the Coast Ranges from the vicinity of the Bay of San 
Francisco southward and appears to have been laid down in two basins, separated by a 
barrier corresponding to the general axis of the present Coast Ranges. The formation 
on the cast sBe of the range is characterized by a notable admixture of dark andesitic 
ash, which ^ves the unweathcred exposures of the sandstmies a distinctly blue color. 
This formation has a fauna of over 100 species, of which mere than 40 per cent are living 
forms. This fact, and the unconformable superpomtion of the formatiem upon the 
Monterey, are warrant for placing it in the Pliocene. On the west side of the Coast 
Ranges, the San Pablo is best known in San Luis Obispo and Santa Barbara Counties, 
and is there free from volcanic admixtures, tho the basal beds Mre very commonly charac- 
terized by the presence of asphaltum, which cements the sand together and constitutes 
the well-^own bituminous rock of the re^on. This asphaltam appears to have ori^nated 
in part as a seepage from the uptiu-ned bituminous shale of the Monterey along the shores 
of the San Pablo sea, and molluscan remiuns of San Pablo age are often embedded in it. 

Succeeding the San Pablo, but nowhere, so far as the writer is aware, reposing directly 
upon it, is the Merced series. The sediments composing this series were li^ down in 
rather acute geosynclinal troughs, resulting from orogenic deformation of the coast in 
middle Pliocene time. Three of these troughs arc known. The most northerly is that 
now occupied by the Valley of the lower Eel River in Humboldt County; the second is 
largely occupied by the Santa Rosa Valley fn Sonoma County; the third is on the Penin- 
sula of San Francisco, extending thence south to the coast of Santa Ouz County. Tho 
Merced strata in the Valley of the lower Eel River, and the typical Merced section near 
San Francisco, show each a thickness of something over a mile. In Sonomn County the 
marine Merced beds grade eastward into fluviatile conglomerates, admixed with volcanic 
ashes. The maximum thickness is about 3,500 feet. The lower part of the series is here 
characterized by a considerable volume of white volcanic pumiceous tuffs, which thin- 
out rapidly to the westward. These were in part laid down directly on a land surface, 
burying forests of huge sequoia, whole trees being now completely silicified.* On the 
coast of Santa Cruz County, the series is represented by strata of lower stratigraphic 
horizons than nearer San Francisco, these lower Ixjds having been called the Furissima 
formation, altho the sedimentation was continuous with that of the Merced. The 

' For a description of the Merced beds of Sonoma County and the underlying pumiceous tuff, a paper 
by V. C. Osmont, Bull. Dept. Oeol., Univ. Cal., vol. 4, No. 3, should be consulted. 
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lower horizon of the beds on the Santa Cruz Coast, as compared with the beds nearer 
San Francisco, indicates a transgression of the Merced sea from the south. The upper 
portion of the Merced section contains so large a proportion of molluscan remains of exist- 
ing species that it has been regarded by Arnold as Pleistocene rather than Pliocene. 

The accumulation of the Merced series to the great thickness above indicated in 
middle and northern California proves local depressions of the coast of over a mile below 
sea level in later Pliocene time. Similar orogenic deformation was in progress at the 
same time on the eastern side of the barrier corresponding to the then axis of the Coast 
Ranges. These movements gave rise to great troughs from which the sea was excluded, 
but which were occupied by fresh water, and filled with sediments equal in volume to 
those of the marine troughs to the west of the barrier. The greater part of these fresh- 
water beds are comprized in the Orindan formation, which may be the equivalent of the 
Cache Lake beds of the Clear Lake district * and of the Paso Robles in the southern Coast 
Ranges. They have an extensive distribution on the eastern side of the Coast Ranges, 
and in the vicinity of the Bay of San Francisco there intervenes between the base of the 
Orindan and the San Pablo a formation of white pumiceous tuff entirely similar to 
that at the base of the Merced series in Sonoma County, but containing here fresh-water 
fossils. This tuff attains a maximum thickness of about 1,000 feet and is known as the 
Pinole tuff. Thruout the Orindan there are occasional intercalated strata of volcanic 
tuff of moderate thickness. The Orindan lacustrine period was brought to a close in 
the region of the middle Coast Ranges by volcanic eruptions which resulted in extensive 
flows of lava and showers of ashes. Upon these lavas lake basins were later established 
and some hundreds of feet of fresh-water deposits (Siestan formation) accumulated 
in them, which were in turn buried by other lavas. 

The accumulation of the Merced marine beds and the corresponding lacustrine and 
volcanic rocks was brought to a close by an acute and widespread deformation regarded 
as part of the general mountain-making movements which ushered in the Pleistocene in 
western North America. As a result of these movements, the Merced and Orindan basins 
were folded and faulted, and the basement upon which their contained strata had been 
laid down was lifted in part from a position over a mile below sea^level to one far above 
sea-level. The Pliocene formations were brought within the zone of active erosion and 
the evolution of the present geomorphic features of the Coast Ranges was inaugurated. 
When the degradation of the folded Orindan strata was well advanced, a lake basin was 
established across the edges of these strata and in it accumulated the various fresh- 
water beds and volcanic lavas and tuffs comprizing the Campan series. At a time within 
the Pleistocene when the geomorphic evolution of the coa.st had l)een well advanced to 
its present conclition, the coastal belt was deprest 1,000 to 2,000 feet lower than it is at 
presemt, and then uplifted in stages marked by marine terraces along many parts of the 
coast. Since this there have been oscillations of the region almut the Bay of San Fran- 
cisco, the net result of which has been a depression allowing the sea to invade the valley- 
lands and thus make the magnificent harbor to which San Francisco owes its existence. 

In the foregoing skcitch of the formations of the Coast Ranges and their historical 
significance, it is desired to emphasize particularly the remarkable series of subsidences 
and uplifts which have affected the coastal region from the beginning of the Franciscan 
to the present. This record of oscillation is in marked contrast to the comparative sta- 
bility of the Sierra Nevada. Except for a marginal strip of its foot-hill slopes, the 
region of the present Sierra Nevada has not been submerged beneath the sea. During 
the geological ages in which the Coa.st Range region has been repeatedly deprest to 
receive marine sediments, the sum of the maximal sections of which amounts to 65,000 
feet of strata, the western edge of the Sierra Nevada region has probably never been 

‘ Described by G. F. Becker, U. S. G. B. Monograph xm, pp. 219-221, 238-242. 




12 


REPORT OF THE CALIFORNIA EARTHQUAKE COMlflSSION. 


deprest over 1,000 feet. The geological record for the latter region is in terms of degrada- 
tion rather than of deposition; and such deposits as have here accumulated are referable 
wholly to fluviatile, lacustral, and volcanic agencies. It is thus apparent that from 
the point of view of the stability of the earth’s crust, the Coast Range region has been 
very much more mobile than the Sierra Nevada. The long comparative stability of the 
latter was, it is true, interrupted at the close of the Tertiary by a very notable uplift, 
whereby it took the form of a tilted orographic block of great size and remarkable unity; 
but this does not detract from the force of the contrast. The difference in behavior 
with respect to crustal stability makes the Coast Ranges a totally dbtinct and different 
geological province from the Sierra Nevada. 

Between these two strongly contrasted provinces lies the great valley of California, 
one of the very notable geomorphic features of the continent. This valley is but one of 
a long series of similar depressions which lie along the western border of the North Ameri- 
can continent, between the coastal uplands and the western edge of the continental 
plateau. In the north it has its probable analogues in Hecate Strait, the Gulf of Georgia, 
Puget Sound, the Willamette Valley, the Ashland Valley, and the depression between the 
Sierra Nevada and the Klamath Mountains. On the south we see its analogues in the 
Colorado Desert, the Gulf of California, and in the valley which lies between the southern 
border of the central plateau of Mexico and the Sierra Madre del Sur. In the Californian 
region we must interpret the axial line of this depression as a tectonic hinge, upon which 
the mobile coastal region has swung in a vertical sense upon the edge of the interior 
plateau, here represented by the Sierra Nevada. Whether this tectonic hinge is a more 
or less flexible zone upon which movement has taken place without rupture, or whether 
it represents a zone of dislocation, is not clear; but that differential movement has 
taken place along the valley line is one of the salient facts in the geological history of 
California. 

STRUCTURE. 

A detailed account of the structure of the Coast System would involve a discrimination 
between features referable to the different erogenic movements which have affected 
the region at various periods of its history. Owing to this succession of movements, 
new structures have been superimposed upon older structures, or upon remnants of 
older structures, so often that the resultant effect is extremely complicated and not only 
difficult to unravel but difficult to state or describe in any simple way. In this sum- 
mary review of the subject, no such detailed dLscrimination will be attempted. The 
only effort will be to call attention to the salient features, which are for the most part 
referable to the orogenic movements of later Tertiary and post-Tertiary time. 

Marginal Features. — In a consideration of the structural features of the Coast Sysbirn, 
its marginal lines on the cast and west first claim attention. The eastern slope of the 
Coast Ranges rises from the floor of the Great Valley much more abruptly in general 
than does the western slope of the Sierra Nevada from the same valley floor. Turner ‘ 
has suggested that the Great Valley east of the Coast Ranges is determined by a fault. 
There is some warrant for this view and it is certainly true in part. The very precipi- 
tous mountain front which rises from the valley at its southern end is without doubt a 
degraded fault-scarp, tho whether or not this fault or a series of similar faults can be 
followed along the edge of the mountains to their northern end is (]uostionablc. It is, 
however, safe to say that the eastern margin of the Coast Ranges represents a line of acute 
deformation, with the probability of that deformation having taken the form of faults in 
certain places. No one has yet made a sufficiently careful study of the question to make 
a more precise statement possible. In general, this line of acute deformation is not 

* Am. Geologist, vol. xiii, p, 248. 
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Htraight, but is curved, with the concavity toward the northeast. Between the southern 
end of the valley and the vicinity of Coalinga its course is about N. 35® W. From 
Coalinga, where there is an offset or jog in the general trend north to Tracy, the course 
is about N. 30° W. From Tracy to Suisun there is a marked westerly embayment in 
the CJoast Ranges which is probably due, in part at least, to the depression of the region 
about the Bay of San Francisco. From Suisun northward to the vicinity of Red Bluff 
the general course of the margin of the Coast Ranges is north and south. At Tejon 
Pass the eastern margin of the Coast System receives the abutment of the southern 
end of the Sierra Nevada; thence southward, with a course swinging more easterly, it 
determines the southwest limit of the Mojave Desert. 

On the seaward side the Coast System is usually regarded as being limited by the shore 
line. The precipitous coast rising to elevations of from 2,000 to 5,000 feet, extending 
from Cape Mendocino to Point Conception, and the popular notion that mountain ranges 
are confined to the land areas of the earth, are justification for this view. But in a more 
comprehensive view, embracing all inequalities of the earth’s surface both above and 
below the sea-level, the western margin of the mountainous area, the familiar portions 
of which we call the Coast System, will have to be placed farther seaward. Off the coast 
of California the sea-bottom slopes down to the 3,000-foot submarine contour at a mod- 
erate angle and then plunges steeply to depths of over 12,000 feet. Beyond the foot 
of this steep slope the searbottom has very flat gradients and the 15,000-foot contour is 
far out to sea. From the Oregon line to Point Conception the 3,000-foot submarine con- 
tour, or the brink of the steep slope, lies off shore at a distance of from 15 to 35 miles; 
but at Cape Mendocino and at the Bay of Monterey this line is found much closer in. 
South of Point Conception this steep slope has the same general trend as to the north. 
That is to say, it shows no embayment in its course corresponding to that at the Santa 
Barbara channel and southward. This is particularly true of the course of the 6,000, 
9,000, and 12,000-foot contours. The slope is by no means uniform for its entire length. 
From Point Arena to the latitude of the Golden Gate the grade is notably steep from 
the 3,000 foot to the 9,000-foot contour. This is also true off Point Conception. From 
the latter point southeastward the steep portion of thi; slope is from the 6,000-foot 
to the 12,000-foot contour; and the same statement holds for the slope off San Simoon 
Bay. In general, the steepest profile li(!S between the 6,000 and the 9,000-foot line. 

This steep drop from the subcontinental platform to the broad floor of the Pacific 
must be regarded as the geomorpliic expression of a rather acute deformation of the 
earth’s crust, and those portions of the slope where the contours are crowded together, 
as for example between Point Arena and the latitude of the Golden Gate, off San Simeon 
Bay, off Point Conception, and off the platform of the Channel Islands, can scarcely be 
interpreted as other than fault-scarps. The sloi)es at the localities mentioned are quite 
comparable to the great fault-scarp which forms the eastern front of the Sierra Nevada. 
At the base of the slope off the Channel Lsland platform, the reeent dredging operations 
of the Albatross brought up from a depth of 12,000 feet numerous fragments of rock 
similar to the bituminous shale of the Monterey series of the southern Coast Range. 
With this rock was found much asphaltum. This indicates that at the base of the slope 
there are talus accumulations of so recent a date that they have not yet IxHjn buried by 
oceanic sediments. 

This line of acute deformation of the crust off the entire length of the coast of Cali- 
fornia can not be ignored in any consideration of the orographic features of the region. 
The slope referred to is doubtless devoid of those sculptural features characteristic of 
mountains within the zone of erosion, and which wc are too apt to look upon as essential, 
but it constitutes nevertheless a notable mountain front rising from the floor of the 
Pacific. It is the natural western boundary of the mountainous tract which we call the 
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Coast System. The course of this mountain front participates in the curvature, with 
convexity to the Pacific, observable in the land portion of the Coast Ranges, in the Great 
Valley of California, and in the Sierra Nevada. This convexity toward the Pacific is, 
it may be observed in passing, characteristic of the dominant tectonic lines about the 
border of that great ocean. It is very marked in the Aleutian belt, in Kuriles, in the 
Japanese Isles, in the festoon extending from Formosa thru the Philippines, the Moluccas, 
and Java to Sumatra, which is convex to both the Pacific and the Indian Oceans; and 
in the chain including the Salomon Islands, the New Hebrides, and New Zealand. It 
is also apparent in the trend of the Sierra Madre Occidental and Sierra Madre del Sur of 
Mexico, and in the course of the Andes thru Colombia, Ecuador, and Peru. 

Having indicated the east and west boundaries of the Coast System as their dominant 
structural lines, we may now consider those features which pertain to the internal struc- 
ture of the mountain tract. Here we must first take note of the coast line. The coastal 
slope of California characteristically rises abruptly from sea level to elevations of from 
2,000 to 5,000 feet within a short distance from shore, from Cape Mendocino to Point 
Conception, with certain notable breaks in its continuity which are susceptible of special 
explanation. If along the shore line at the base of this abrupt slope we draw straight 
lines which are tangent to the headlands or chords to the minor embayments of the 
coast, these lines fall into two fairly constant orientations and clearly bring out the 
fact that the shore line has in reality a zigzag course, due apparently to the alternate 
control of two systems of structural lines, one of which is between N. 37° W. and N. 40° 
W., and the other between N. 10° W. and N. 15° W., thus intersecting at an angle of 
about 26°. Under this scheme of discrimination of the orientation of different portions 
of the coast line, the bearings of the following divisions may be thus listed: 


LOCALITIES. 

BEARING OF 
MEAN LINE. 

DISTANCE IN GEO- 
GRAPHICAL MILES. 

Cape Mendocino to Punta Gorda .... 

N. 12" W. 

14 

Punta Gorda to Shelter Cove 

N. 40'^ W. 

25 

Shelter Cove to Point Arena 

N. 10** W. 

64 

Point Arena to Golden Gate, thru Toinales 
Bay 

N. 40^ W. 

90 

Golden Gate to Pigeon Point 

N. 15° W. 

40 

Pigeon Point toward Santa Cruz .... 
Point Pinos to Point Sur 

N. 40° W. 

21 

N. 13** W. 

19 

Point Sur to Port Hartford 

N. 37° W. 

89 

Port Hartford to Point Con<?eption . . . j 

N. 6° W. 

44 


Now it is difficult to regard any considerable portion of the abrupt coastal slope of 
California between Cape Mendocino and Point Conception as other than a more or less 
degraded fault-scarp. If this view be accepted, it is clear that the trend of the coast and 
its geomorphic profile have been determined by two systems of faults meeting or inter- 
secting at an angle of about 26° on their strike. Making some allowance for cliff reces- 
sion, the base of both s}rstcms of scarps must lie some little distance off shore and be 
buried by the notable embankment of littoral sediments which conceals the true profile 
of the submarine rock surface. 

Of the two systems of faults thus recognized as controlling the trend of the coast, one, 
viz. that which bears N. 37° W. to N. 40° W., conforms, as will be shown later, more or 
less closely with the prevailing structural lines, such as faults, folds, and belts of igneous 
rock found in the Coast Ranges; while the more meridional system is not a prominent 
feature of the Coast Ranges. It follows that since the mean trend of the California coast 
lies between the bearings of the two fault systems, the tectonic lines of the Coast System, 
if followed northwesterly, eventually emerge upon the coast. This obliquity of the 
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tectonic lines of the Coast System to the general trend of the coast has long been familiar 
to California geologists and has been particularly noted by Fairbanks/ but the probable 
explanation of it has not heretofore been set forth. 

The coastal scarp is interrupted at a number of points and in a variety of ways. The 
most notable and interesting interruption is that of the Bay of Monterey. This is not 
only an embayment of the coast, but is a depression in the Coast Ranges extending down 
over their submarine portion to the 12,000-foot contour below sea-level. It brings the 
3,000-foot submarine contour well inside the general line of the coast. This submarine 
valley has been regarded by some writers as a submerged valley of subaerial erosion, 
but there is little warrant for this view and much that conflicts with it. The valley of 
the Bay of Monterey, subaerial and submarine, is a synclinal trough the axis of which 
is approximately normal to the trend of the coast and of the Coa.st Ranges as a belt. 
In the axis of the syncline, and probably parallel to it, is a fault seen in the canyon 
between Pajaro and Chittenden, which brings down the Tertiary rocks on the north side 
against the pre-Cretaceous granitic rocks of the Gavilan Range. Another interruption 
of the continuity of the coastal scarp is at the Golden Gate. Here the Coast Ranges have 
l)ccn locally deprest and the land valleys which were formerly drained by a trunk stream, 
where the Golden Gate now is, have been flooded by the waters of the ocean. The axis 
of this depression is, however, not well known. A third, apparent rather than real, 
interruption of the coastal scarp occurs at the place where the Point Reyes Peninsula 
projects out Iwyond the general line of the coast. Inside of the peninsula, however, there 
is a long narrow valley, the northern end of which is occupied by Tomales Bay and the 
southern end by Holinas Lagoon, which separates it from the mainland proper; and to 
the east of this valley the coastal scarp rises with exceptional boldness. 

The coastal scarp has had its profile modified in many places by wave-cut terraces 
formed during the uplift of the coast by stages in Pleistocene time, as previously stated. 
The relation of the coastal scarp to deformed basins of Merced (late Pliocene) strata 
indicate that it originated, in its essential features, at the period of orogenic activity 
which brought the Tertiary to a close. South of Point Conception the twofold system of 
faults which determines the configuration of the coast gives out and we enter upon a 
region of probably more complicated structure. The Santa Barbara channel appears to 
lie in a geosynclinal trough between the Santa Ynez range and the island chain from Ana- 
capa to San Miguel. On the northeast side of San Clemente is a sharply defined fault- 
scarp, indicating that the island is a portion of an uplifted and tilted orographic block. 
The fault along which the scarp has been formed probably extends as far as the east 
side of Santa Barbara Island. San Clemente Island presents a magnificent series of 
wave-cut terraces up to an elevation of 1,500 feet. San Pedro Head is similarly uplifted 
and terraced, while the intervening island, Santa Catalina, shows no evidence of corre- 
sponding uplift, but has on the contrary been deprest. On the whole, the channel 
island platform between the edge of the sulnjontinental shelf and the coast presents the 
characters of a sunken mountainous tract, the inequalities of the surface of which are 
partly due to acute deformation and partly to erosional sculpture when the region was 
above sea-level. A more detailed interpretation of the structure of this region is ren- 
dered difficult by the absence of adequate soundings of the searbottom. 

Qranitic Rockx. — Coming now to the consideration of the more important structural 
features of the Coast System, in the territory between the coast and its eastern mar- 
gin, it must be stated that even here our information is very scant. One of the most 
important features of the Coast System from a structural point of view is the occurrence 
of a belt of granitic rock having a very notable linear extent thruout the ranges. This 
granite, as has been already stated, appears, in the vicinity of Tejon Pass, both from 

* Am. Geologist, Vol. xi, Feb. 1893, p. 70. 
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its character and from the continuity of its exposure, to be identical with the granite 
of the Sierra Nevada. To the south of the Mojave Desert, it is very extensively and 
boldly exposed in the San Gabriel and San Bernardino Ranges and in other portions 
of the Coast System, as far south as the Mexican boundary. It also has broad expo- 
sures in the comparatively low-lying desert floors of Southern California, as shown by 
Hershey,* and in the Ferris plain. 

To the northwest of Tejon Pass, this granite appears in a series of linearly disposed 
areas extending thru the ranges. It forms a notable feature of the Santa Lucia Riinge 
on the west of the Salinas Valley, and also of the Gavilan Range to the east of the same 
valley. The granite of the Santa Lucia Range runs out to sea at Point Pinos near 
Monterey, while that of the Gavilan Range extends into Santa Cruz County and appears 
on the coast at Point San Pedro, a few miles south of San Francisco. Farther north it 
is seen in the Farallon Islands, the Point Reyes Peninsula, and on Bodega Head. The 
Santa Lucia and the Gavilan thus expose two quite distinct lines of granitic outcrop, 
practically parallel, and both crossing the general trend of the Coast Ranges obliquely--' 
and reaching the coast. Indeed, the easterly limit of all the granite of the Coast Ranges 
crosses the entire breadth of the latter obliquely between the Tejon Pass and Bodega 
Head. This signifies, of course, that whatever manifestations of crustal deformation 
elevated these belts of granite, the lines or axes of such deformation were not coincident 
in direction with the mean trend of the Coast Ranges, or with the mean trend of either 
of the margins of the Coast Ranges. It is noteworthy, too, that all of the Coast Range - 
granite as far south as the vicinity of Tejon Pass lies to the southwest of the Rift along 
which the movement occurred which generated the earthquake of April 18, 1906. 

It is further noteworthy that near the northern end of the granite belt at Tomales Bay 
and Bodega Head, the Rift actually follows the line of contact between the granite on 
the west and the sedimentary rocks which are faulted against it. These facts suggest 
that very probably the Rift is similarly situated in the more southern Coast Ranges 
with reference to a deeper-seated contact between granite and .scidimentaries; in other 
words, that the eastern edge of the Coast. Range batholith, wluither that edge be an 
original feature of the batholith or a feature determined by faulting, is with some degree 
of probability the line which determines in part the course of the modern Rift. South- 
ward from the vicinity of Tejon Pass, however, the Rift passes into the granitic terranc. 

Folds. — The pre-Knoxville folds of the Coast Ranges are little known, owing partly 
to the burial of the Franciscan rocks by later deposits, and partly to the complexity of 
the structures where the rocks arc exposed and the difficulty of discriminating the effects 
of the earlier and the later movements; but chiefly owing to the absence of adequate 
topographic maps, so necessary for such studies. The conspicuous folds of the Coast 
Ranges are those which have been imprest upon the Tertiary and older strata together. 
These are usually rather sharp and more or less symmetrical synclines and anticlines, 
involving usually many thousands of feet of strata. In some cases these are asymmetric 
and even overturned, as in the Mount Diablo region, but they arc never so closely apprest 
as to induce general and important deformation of the internal structure of the rocks 
affected. The folding has been effected without flowage, except perhaps locally where 
soft cla 3 ^ or shales were involved, and there has Ixsen no development of slaty cleavage 
or schistosity. In general the axes of the folds have a northwest-southeast trend, but 
there are numerous deviations from this rule and the axes of the minor folds are usually 
more or less divergent, as is of course generally true. There is, however, a pronounced 
parallelism in the dominant synclincs and anticlines, the axes of which extend for many 
miles. Several of these are more or less oblique to the mean trend of the Coast Range 
belt, and thus appear to be truncated on the coast line, or on the eastern margin of 


‘ BuU. Uopt. Qeol. Univ. Cal., vol. 3, No. 1. 
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the ranges. The coincidence of many of the larger valleys with a synclinal axis is very 
marked. 

Faults. — In the Coast Ranges there are numerous faults, but our knowledge of them 
is limited, owing to the small amount of geological mapping which has been done in the 
region. With the extension of cartographic work, many more than are now known will 
doubtless come to light. Of those at present known, the great majority have a general 
northwest-southeast strike, but there are several minor faults which trend transverse 
to the general strike. The faults of the Coast Ranges, as well as those of other parts of 
California, are indicated, as to position and extent, on Map No. 1. A summary reference 
to them is all that will be here attempted. 

The most northerly fault of the Coast Ranges is one which Mr. O. H. Hershey calls 
Redwood Mountain fault. It is an overthrust, according to Mr. Hershey, heading to 
the northeast and having a throw of probably over 5,000 feet. It trends southeast 
along the southwest flank of South Fork Mountain for scores of miles, and doubtless 
determines the very straight trend of this great ridge. Parallel to it, on the southwest 
side of Redwood Creek, near Acorn, there is another fault having a throw of at least 
1,000 feet, according to Mr. Hershey. Its extent is unknown. The precipitous south- 
west front of Mount St. Helena has been shown by Osmont ^ to be a degraded fault- 
scarp ; and the downthrow on the southwest side of the fault is estimated by him to be 
not less than 2,500 feet. The western edge of the Sacramento Valley, from Benicia to 
Cordelia, is probably determined by a fault with an easterly downthrow. 

In the Mount Diablo region, there is a pronounced overthrust fold which causes Mio- 
cene strata to rest upon Pliocene strata with a dip of 30° to 45° to the northeast. Louder- 
back’s work on the structure of Mount Diablo has shown that this over-tipt fold passes 
into a thrust fault whereby a considerable proportion of the mountain has been shoved 
to the southwest.* The west side of San Ramon and Livermore Valleys is bounded for 
the moat part by a steep mountain wall at the base of which, near Pleasanton, the Ter- 
tiary rocks are faulted down against the Franciscan. This fault extends southward 
thru Calaveras Valley and past Mount Hamilton. Its general course is about N. 35° W. 
It has an extent of at least 60 miles and may be very much longer. In the Berkeley 
Hills to the east of this there arc many minor faults, both overthrust and normal, which 
will not be described in detail. In the Mount Hamilton Range, between the crest and 
the Santa Clara Valley, there are several faults, notably the Mission Creek, Mission 
Peak, Mount Hamilton, and Master’s Hill faults, which have a more or less regular 
northwest-southeast trend; and there are several shorter faults transverse to these, and 
of variable strike. 

The valley of the Bay of San Francisco and its prolongation southward in the Santa 
Clara Valley is bounded on the northeast side by a range of hills which presents a very 
even, straight, and on the whole, but little dissected, front to the southwest. This even 
front extends from near Point Pinole, on San Pablo Bay, to the vicinity of Hollister, a 
distance of about 100 miles, forming a very striking geomorphic feature of the Coast 
Ranges. At Berkeley and Oakland, and southeast of the latter, there is evidence that 
this even front represents a somewhat degraded fault-scarp, or series of scarps, and this 
interpretation may with very probable truth be placed upon it for its entire extent. 
Near Berkeley the slope of this degraded scarp is traversed by supplementary step faults, 
which are not improbably characteristic of it in other places; so that in regarding the 
feature as a fault-scarp it is not intended to apply that term too narrowly, but to include 
rather the idea of a zone of acute deformation traversed by step faults. This line has a 
course of about N. 35° W. North of San Pablo Bay, on the geographic prolongation of 
the line, a similar feature, tho by no means so stiwght, is found on the east side of the 

‘ Bull. Dept. Geol., Univ. Cal., vol. 4, No. 3, p. 78. * Ueeults not yet publiahed. 
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Santa Rosa and Russian River Valleys up to about Gloverdale. Here, however, evidence 
of faulting is lacking, altho it is known in places to be a line of flexure. Along the base 
of this line of scarp, between Oakland and San Jose, occurred the fault which caused the 
earthquake of 1868. It may be referred to as the Haywards fault, from the fact that it 
passes thru that town. 

An interesting and important fault traverses the peninsula of San Francisco, a little 
south of the city. The course of this fault can not be precisely determined, as its trace 
at the surface is obscured by Pleistocene and recent deposits. Its approximate position 
is at the southwest base of San Bruno Mountain, with a strike of about N. 43° W. By 
this fault the Merced strata, which are well exposed on the sea-cMs south of Lake Merced 
to the thickness of over a mile, are dropt down against the Franciscan rucks, the throw 
being estimated at not less than 7,000 feet. To the northeast of the main fault, and 
close to the face of the mountain, is an auxiliary fault, and between these two faults 
there is a block of the Franciscan which has dropt only to a limited extent, and which 
is of the same character as the kembuts of the Kern River.* The bold and precipitous 
southwest face of San Bruno Mountain is thus a fault-scarp with two facets, one for the 
main fault and the other for the auxiliary, both being well exprest in the geomorphic 
profile of the mountain. This fault-scarp appears to be the southern prolongation of the 
scarp which forms the coastal steep slope to the north of the Golden Gate, and seems 
to converge upon the San Andreas fault, off the Golden Gate, making a very acute angle 
with it. It affords an excellent illustration of the general fact above alluded to, that 
the northwesterly members of the fault system controlling the configuration of the 
coast are prolongations of fault-lines within the Coast Ranges. Knowledge of the 
extent of this fault, altho its throw is so notable, is limited to the peninsula of San 
Francisco. 

Outside of Fort Point, at the Golden Gate, and a little south of the point, is a very 
well exposed fault which appears to strike southeast across the city of San Francisco. 
The fault is nearly vertical and has a throw of at least some hundreds of feet, whereby 
the serpentine on the north has beer dropt against a formation of radiolarian cherts. 

The most interesting fault traversing the Peninsula of San Francisco is the San Andreas 
fault, on which movement was renewed on April 18, 1906, causing the earthquake. The 
extent and course of this fault are described in detail elsewhere. To the southwest of 
the San Andreas fault, on the Peninsula of San Francisco, and in the Santa Cruz Moun- 
tains, are several other faults of notable extent. Of these may be mentioned the Fifield, 
Pilarcitos, Castle Ridge, Butano, Boulder Creek, and San Gregorio faults, all of which 
are important features of the structure of the region. 

On the southwest side of Montara Movmtiun is a very precipitous seaward slope, at 
the base of which strata of Miocene age are tilted at rather abrupt angles against the 
granite. The strata of arkose sandstone at the base still rest against the original floor 
of deposition, but it is difficult to see how such an acute uplift could take place in a 
granite massif without deformation of the granite. Such deformation might take the 
form of plastic flow if it were sufficiently deep-seated, or it might find its expression in 
a zone of faults; and as there is no evidence of plastic deformation, it is concluded that 
the uplift of Montara Mountain was effected by faulting within the granite, the same 
deformation appearing as flexure in the stratified rocks which flank the mountain on 
this side. 

Northeast of the San Andreas fault are the Belmont and Black Mountain faults, the 
latter a branch from the San Andreas fault. In the gap between the Santa Cruz and 
Gavilan Ranges is a fault followed by the canyon of Pajaro River near Chittenden, which 
drops the Tertiary formations on the north against the pre-Francidcan granitic rocks of 

‘Bull. Dept. Qeol., Univ. Cal., vol. 3, No. 15. 
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the Gavilan Range on the south. This fault is interesting for several reasons: it lies 
approximately in the axis of the geosyncline of the Bay of Monterey; it is transverse 
to the San Andreas Rift and intersects it; and it is near the place where the surface rup- 
ture of the San Andreas fault ceased on April 18, 1900. 

South of the Bay of Monterey, one of the dominant structural lines of the Coast Ranges 
is the Santa Lucia fault, at the base of the Santa Lucia Range on the border of Salinas 
Valley. It is traceable from the vicinity of Bradley to the Bay of Monterey and it is 
probably the chief factor in determining the course of the Salinas-Valley and the steep 
easterly front of the Santa Lucia Range. Near its southern end, the Santa Lucia fault 
is paralleled on the southwest by another fault which probably determined to some 
extent the course of the valley of San Antonio River. Farther south a fault parallels 
the last two, between Dove and Templeton ; and to the southwest of this lies the much 
longer fault which passes close to San Luis Obispo, extending from near Sail Simeon to 
the drainage of the Santa Ynez. 

The northeastern flank of the San Emidio Range, at the .southern end of the great 
valley, is with little question a fault-scarp. The .same may be said of the north flank 
of the Santa Ynez Range and the south flank of the Santa Monica Range. The San 
Gabriel fault, which bounds the range of that name on the south, branches from the San 
Andreas fault near San Bernardino and follows the base of the range with an east-west 
trend, licyond Pasadena it bends slightly to the north and extends thru to the coast 
in the vicinity of Carpentcria. Near Pasadena a branch fault leaves it, with a ii irth- 
westcrly strike, on the northeast side of the Verdugo Mountaias. Southeast of Los 
Angeles, the most notable faults are the San Jacinto and Elsinore faults, both of which 
have very pronounced scarps. There arc, however, several others. All the faults in 
this region have a northwest-soutluiast strike, and are thus in contrast to the system of 
faults extending from Point Conception to the Colorado Desert along the Sierra Madre, 
in which the dominant trend is east and west. 

The foregoing summary enumeration of the more important faults at present known 
in the Coast System of mountains makes it clear that the San Andreas fault, upon wKich 
movement took place on April 18, 1906, is not a singular or uni(}ue feature of the struc- 
ture of these mountains. It is only one of many faults, on all of which in time past 
there have occurred many diffcirential movements, each productive of an earthquake. 
Map No. 1, upon which the above faults are repn'sented, indicates other faults in Cali- 
fornia, Nevada and Oregon at present known to geologists.* Perhaps the most 
interesting of these, from the present point of view, is the fault at the eastern base of 
the Sierra Nevada, upon a portion of which the movement took place that caused the 
earthquake of 1872. The map may be regarded as a preliminary attempt to bring 
together, in cartographic form, our knowledge of the position of faults in this region. 
A full discussion of these features, with references to the literature bearing upon them, 
would be out of place here, altho their occurrence suggests seismic possibilities. 

GEOMORPHIC FEATURES. 

Certain of the geomorphic features of the Coast Ranges, particularly as regards their 
margins, have necessarily been alluded to in the discussion of the structure. It is pro- 
posed here to describe quite briefly the salient characters of the relief, in their relation 
to the structure. 

The Coast Ranges in general, Ixjtween the coast and the Great Valley and north of Santa 
Barbara Channel, comprize a series of ridges and intervening valleys of mature aspect. 

‘ In compiling the data for the representation of the faults of California, free uw! has IxK'n ma<ie of 
information kindly supplied by Messrs. II. W. Turner, W. Lindgren, W. C. Mendenhall, H. W . Fairbanks, 
J. 8. Diller, F. M. Anderson, R. Arnold, J. C. Branmsr, G. D. Loudcrback, and O. II. Hershey. 
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The ridges exhibit for the most part a pronounced parallelism in a direction more or less 
oblique to the mean trend of the coast and of the Coast Ranges as a belt. The highest 
of these ridges rarely exceed 5,000 feet in altitude and their crests usually range between 
2,000 and 4,000 feet above sea-level. Rarely the tops of the ridges are more or less flat, 
presenting the character of a rolling upland, the rule being that the erests are deter- 
mined by the intersection of the valley slopes on either side. In the northern Coast 
Ranges, however, it is generally true that the ridge crests over wide areas reach about 
the same altitude and ^ve the observer the impression of a dissected upland of fairly 
uniform and gentle slope. The valleys in which the streams flow are usually wide- 
bottomed in the softer formations and narrow in the harder rocks. In such portions 
of the region as have been geologically examined, it appears clear that the courses of 
these streams are closely, tho of course not wholly, controlled by the strike of the rocks 
or the strike of faiilts. Tlie general scheme of drainage is that which might be termed 
subsequent, the streams having adjusted themselves to the structural lines, and having 
been greatly extended by headwater erosion along those lines at the expense of original 
consequent streams, traversing the region transversely to the trend of the structure to 
the sea on the one side, and to the Great Valley on the other. This interpretation is 
rendered more plausible by the fact that, in a general way, the broad structure of the 
Coast Ranges appears to be that of a geanticline, with various subordinate folds, the 
dissection of which by erosion reveals the Franciscan rocks in the central portion of tho 
ranges, flanked on cither side by rocks of later age. This interpretation appears to be 
quite acceptable for the Eel River and its various branches, which constitute the chief 
drainage of the northern end of the region. This drainage has all the characters of a 
subsequent system, and is in harmony with the mature aspect of the ridges and valley 
slopes. All the numerous tributaries of the river flow in longitudinal valleys, parallel 
or subparallel to one another, and connected by short transverse streams cutting thru 
the intervening ridges; and the course of the longitudinal valleys is that of the strike 
of the rocks, being, like the latter, oblique to general trend of the Coast Range belt. 
Thruout this region, within the hydrographic basin of the Eel River, there are below the 
crests of the ridges numerous instances of high valleys and broad, more or le.ss obscure 
terraces, representing an inheritance from earlier stages of the gcomorphic evolution of 
the region, when it stood at lower levels than at present. These have been described 
in a valuable paper by Dillcr.* 

Between the headwaters of Eel River and the Bay of San Francisco the interpretation 
of the drainage as subsequent is not so certain, altho here the general geomorphic profile 
is even more mature than it is on the north, a fact referable to the softer character of 
certain geolo^cal formations which prevail. Here we have, as before, a system of stream 
vallejrs, notably Russian River Valley, Sonoma Valley, Napa Valley, and Borryessa, and 
Clear Lake Valleys, which are clearly evolved by stream erosion under the control of 
structure. The transverse connecting link from one longitudinal valley to another, which 
is so characteristic of subsequent drainage, is not apparent on the maps, but its absence 
may be more apparent than real. The lower stretch of Russian River, from Healds- 
burg to the sea, has the appearance of a transverse stream tapping a longitudinal valley 
of very mature character, and may lx; the remnant of an original consequent stream. 
This view, however, is open to the objection that the lower stretch of Russian River 
near the sea has a more youthful aspect than might reasonably lx; expected under the 
hypothesis. On account of the rather immature character of the transverse outlet of 
Russian River, it has been suggested that it is of later date than Russian River and 
represents a small stream which has cut its way back from the coast and captured the 
waters of the river, which formerly went to the Bay of San Francisco, the capture being 
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facilitated by the defonnation of the region. The offsetting coasideration to this objec- 
tion, based on the less mature aspect of this part of the valley, is that it traverses much 
harder rocks than are found in the wider valley above. In a word, the view that the lower 
transverse stretch of Russian River may be the remnant of an original consequent stream, 
from which, by subsequent development, has been evolved the longitudinal Russian River 
Valley, has not yet been satisfactorily negatived. 

Somewhat similar features occur on the east side of the Coast Ranges. Cache Creek 
and Putah Creek, draining longitudinal valleys within the Coast Ranges, both emerge 
upon the Great Valley thru transverse gorges in the Blue Ridge, the most easterly of the 
Coast Ranges. These transverse gorges can scarcely be regarded as other than conse- 
quent trunks crossing a hard barrier within which, in softer formations, lon^tudinal or 
subsequent valleys have been evolved. The apparent absence of the transverse connect- 
ing links between Napa, Sonoma, and Petaluma Valleys is explained when it is recalled 
that while the streams draining these valleys flow directly to salt water, they neverthe- 
less flow to a drowned valley. The trunk stream trench from which Petaluma, Sonoma, 
and Napa Creeks are subseejuent branches lies below the waters of San Pablo Bay. In 
general, Santa Rosa Valley (lower part of Russian River Valley), Petaluma Valley, 
Sonoma Valley, and Napa Valley have been evolved by erosion along synclinal axes. 
This fact also tends to weaken their interpretation as due to subs(iqucnt development by 
headwater erosion; since, if the synclinal folds were exprest as troughs at the surface 
at the time of the folding, then the drainage would have been both consequent and 
parallel to the structure. 

Coming farther south, the valley of the Bay of San Francisco and its extension in the 
Santa Clara Valley is a large feature in which deformation and erosion have probably 
played equal r61es. Its trend is strictly determined by the Haywards fault line pre- 
viously described. Southward from Hollister, the valley loses its breadth and passes 
into the much more constricted valley of the San Benito River, draining the Coast Ranges 
to the east of the Gavilan Range. The Bay itself and its inland extensions afford a 
magnificent illustration of a drowiMnl valley-land due to subsidence of the valley-bottoms 
below sea-level. 

Livermore Valley, a few miles to the east of the Bay of San Francisco and separated 
from it by the ridge of the Berkeley Hills, is a very noteworthy feature. It is a broadly 
expansive alluviated valley, bounded on the west by the degraded fault-scarp which 
limits the Berkeley Hills to the east; on the east by the slopes of Mount Diablo; and on 
the south by the slopes of Mount Hamilton. On the north it is open by way of the wide 
and low San Ramon Valley to Suisun Bay, and the northern portion of the valley 
drains this way. The greater part of the waters which come to it from Mount Diablo 
and from Mount Hamilton, however, are carried off by Alameda Creek thru Nihis 
Canyon, a narrow gorge which transects the l)old ridge separating it from the Bay 
of Han Francisco. Alameda Crecik has a hydrographic basin of GOO square miles, 
and it is a nnnarkablc fact that it finds its outlet across the strike of the range thru 
a lx)ld ridge, instead of following th(; wide open valley leading dinictly to Suisun Bay 
with no barrier in its path. It is a fair inference that Livermore Valley is structural 
rather than erosional in its origin and that, anterior to the acute deformation of the 
region, the drainage was consequent in the path followed by Niles Canyon. The 
deformation involved the uplift of the Berkeley Hills and the complementary depres- 
sion of the Livermore Valley tract, and this deformation proceeded at a rate which was 
sufficiently slow to pcirmit the stream, by downward corrosion across the rising mass, 
to maintain its course. Alameda Creek in Niles Canyon is thus a remnant of the 
consequent drainage of the region and is antecedent to the uplift which gave rise to the 
Berkeley Hills. 
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In the Coast Kanges between the Bay of Monterey and the Santa Barbara Channel, 
the chief valleys are those of Salinas River and its tributary, the San Juan; the Carissa 
Valley, and the valleys of the Cuyama and Santa Ynez Rivers. Of these the Salinas 
Valley is the largest. It is a wide, terraced valley cut by the river out of rather soft 
Tertiary and later deposits, which appear to have been in part let down against the 
older rocks of the Santa Lucia Range by the Santa Lucia fault. In its lower part it 
lies between the Gavilan and Santa Lueia Ranges, and the trend thus established is 
maintained by the main stream as far as San Miguel. Beyond that the same general 
trend is continued up its tributary, the San Juan, and thence thru the Carissa Plains to 
a point close to the southern end of the Great Valley. The eastern side of the upper end 
of the valley, particularly the eastern side of the Carissa Plains, follows closely the line 
of the modern earthquake rift to be presently described; and there can be little doubt, 
not only that in so far as the valley is an erosional feature its erosion has been controlled 
by structural features, but also that deformational processes have had a considerable 
share in its evolution. The axis of the valley thus indicate<l is singularly straight and 
has a length of about 175 miles. Its upper part, the Carissa Plains, is an arid plain with- 
out drainage and contains a very saline lake. This plain is a surface of alluviation. The 
lower end of the valley opens widely on the Bay of Monterey and the fine stream terraces 
which dank its sides afford an excellent record of the recent uplift of the region. 

The valley affords another striking illustration of the obliquity of the gcomorphic 
as well as the structural features to the general trend of the Coast Range belt, and their 
constant tendency to emerge upon the coast. From the eastern margin of the valley 
at the south end of the Carissa Plains, one can look down upon the Great Valley, near 
Sunset, a few miles distant; and only a narrow ridge separates the two valleys, altho 
they differ greatly in altitude. From this point in its course of 175 miles, Salinas Val- 
ley crosses the entire width of the Coast Ranges. South of San Miguel, the Salinas River 
proper lies in a less open valley with north and south trend as far as Templeton, a dis- 
tance of about 15 miles, and then opens out into a wider valley having a northwest- 
southeast trend for al) 0 ut 35 miles to the headwaters of the stream. Several of the minor 
tributaries of the Salinas show a marked tendency to the development of subsequent 
valleys. On the oast side of the river, this is particularly marked on San Lorenzo ^eek 
in Priest Valley, and on Chalome Creek in Chalome Valley. Those comparatively large 
valleys may be referable in part, however, to deformation, inasmuch as they are 
on the line of the Rift. Their geomorphic history has not yet been studied. On 
the west side of Salinas Valley the two chief tributaries, the San Antonio and the 
Nacimiento, have developed wcll-deffned subsequent valleys in the heart of the Santa 
Lucia Range. 

In the valley of the Cuyama or Santa Maria River, the effect of a twofold structural 
control is apparent. The upper reaches of the river flow thru a broad valley with an 
alluviated bottom on the northeast side of the San Rafael Range. The general trend 
of the river in this part of its course is northwest-southeast, and it is separated from 
the Carissa Plains by a high mountain ridge with a very precipitous southwest front, 
which probably represents a fault-scarp. Below this expansive high valley, the stream 
enters a rather narrow canyon and shortly after this bends at right angles and flows 
southwest toward the coast, entering eventually on the broad Santa Maria Valley which 
is open to the sea. The contrast in the geomorphic character of the upper and lower 
reaches of the river, the greater age of the former, and the sudden change in the course 
of the stream where the two t)q)es of geomorphy meet, suggests that the high valley of 
the upper reaches was once connected with the Salinas drainage and that it has been 
captured from the latter, in comparatively recent time, by a stream cutting back from 
the coast at the northwest end of the San Rafael Range. 
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In the valley of the Santa Ynez, there is a marked departure from the northwest- 
southeast trend which characterizes the gcomorphic features of the Coast Ranges in 
general, and a more striking instance than any yet cited of the obliquity of those features 
to the general trend of the Coast Range belt. The valley l«?s nearly east and west and 
its general slope is southward to the base of the precipitous northern face of the Santa 
Ynez Range. This face is, as has been indicated, a fault-scarp ; and the course of the 
valley is thus seen to be in intimate relation to this dominant structural feature. To 
the west the valley opens widely to the sea, while to the east it loses its individuality in 
the headwater canyons of eastern Santa Barbara County and western Ventura County. 

Between the Santa Ynez Valley and the upper Cuyama is the rugged and deeply dis- 
sected country culminating in the San Rafael Mountains on the northern side of the tract. 
This mountainous bolt has a trend intermediate between the pronounced east-west trend 
of the Santa Ynez Range and the northwest-southeast trend of the Coast Range ridges 
and valleys to the north. For a portion of its length the belt is bounded on the south 
by the Santa Clara Valley, with a general cast and west course; but across the head- 
waters of Santa Clara River the mountainous tract persists and finds its prolongation, 
with the same general trend, in the San Gabriel Range, and beyond Cajon Pass in the 
San Bernardino Range, both bold and lofty sierra. It may even l)e considered as ex- 
tending, under the name of the Chocolate Mountains, to the Colorado River above 
Yuma. From Tejon Pass southeast to Cajon Pass, the northern side of this mountain 
tract presents a very abrupt front with a very straight course. At the base of the abrupt 
slope lies the San Andreas Rift. To the north of this, and between it and the southeast 
scarp of the southern Sierra Nevada, lies the Mojave Desert. To the south of the south- 
east end of the San Bernardino Range and west of the Chocolate Mountains lies the 
Colorado Desert. As has been already indicated, the south side of the San Gabriel 
Range is determined by a profound fault. Lying thus between two faults, the range is 
a magnificent example of a horst which has been thrust up between its bounding faults. 
It is the convergence of these two bounding faults which segregates the San Gabriel 
Range from the San Bernardino Range in the vicinity of Cajon Pass. The latter range 
is similarly bounded on the south by the same fault as that which determines the south 
front of the San Gabriel Range, but here it is coincident with the Rift. Between Los 
Angeles and Ventura lie the short ranges known as the Santa Monica and the Santa 
Susannah Mountains, inclosing San Fernando Valley. The Santa Monica Range is 
probably on the same line of orogenic uplift which finds its expression farther west in the 
Santa C^z and Santa Rosa Islands. 

South of the San Gabriel Range lies the fruitful valley of southern California, extend- 
ing with an cast-west course from the sea to San Bernardino. South of this valley, and 
Ixjtween the Colorado Destirt and a somewhat elevated coastal plain bordering the 
Pacific, is a mountainous tract, the ridges of which swing around into a more northwest- 
southeast trend, and so conform again with the prevailing trend of the ridges and val- 
leys of the Coast Ranges north of the San Rafael Mountains. The valleys in this region 
are, however, less regular in their orientation than those of the northerly Coast Ranges, 
and the gcomorphic features arc less mature, if we except certain very old features which 
have survived from an earlier cycle of gcomorphic evolution. The consequent char- 
acter of the streams on the seaward slope is much more pronounced than in any part 
of the northern Coast Ranges, and on the whole the geomorphy of the region must 
be regarded as less advanced than to the northward, and more closely allied in its 
morphogeny with the Sierra Nevada than with that of the Coast Ranges of northern 
California. 

The notable ranges of this region are the Santa Ana Mountains and the San Jacinto 
Mountains. The former present the features of a seaward sloping, tilted, orographic 
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block, with a very stnught and abrupt fault-scarp facing the northeast and overlooking 
the Perris Plun. This is an elevated, and as yet little dissected, peneplain with rem- 
nants of Tertiary or later deposits resting upon it, indicating that it has, in part at least, 
but recently been resurrected from a buried condition. In San Diego County the Santa 
Ana Mountains find their prolongation in a less regular and broader group of ridges, but 
doubtless the same tilted block structure prevails to the international boundary and 
beyond, since the northeast scarp appears to persist in the same general trend, and the 
same type of consequent drainage cWacterizes the seaward slope. Still east of the line 
of the scarp in southern San Diego County, there is another orographic block, bounded 
on the east by a very recent and very precipitous scarp looking out over the desert.* 
To the northwest the range becomes subdued in the Puente Hills, where a broad anti- 
clinal structure replaces in part the deformation by faulting. In two notable instances, 
and perhaps in others, the seaward streams of the Santa Ana Mountains cut entirely thru 
the range and drain the valley-land beyond its northeasterly scarp. These are the 
Santa Ana and the Santa Margarita Rivers. They are both probably antecedent to 
the more acute phases of the tilting of the region and have persisted in their course 
during the development of the fault-scarp. 

The San Jacinto Mountains form an imfwrtant feature of the region as a bold ridge 
with northwest-southeast trend lying between Perris Plain and the northern end of the 
Colorado Desert. Both sides of the range are precipitous and arc probably determined 
by faults. On the southwest side there were notable ruptures of the ground in the 
carthqxiake of 1898, indicating that the fault on that side is still in active development. 


^ Verbal communication from Dr. II. W. Fairbanks. 
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GENERAL. 

Extending thru the greater part of the Coast System of mountains from Humboldt 
County to the Colorado Desert, a distance of over 600 miles, is a line or narrow zone 
characterized by peculiar gcomorphic features, referable either directly to the modern 
deformation of the surface of the ground or to erosion controlled by the lines upon which 
such deformation has taken place. This peculiar feature has been known, both to Cali- 
fornian geologists and to residents of the sections where its characters are most promi- 
nent, but its extent and importance were not fully appreciated until after the earth- 
quake of April 18, 1906. It is commonly reported among the residents of the southern 
interior Coast Ranges, particularly in San Benito, Monterey, and San Luis Obispo 
Counties, that displacement of the ground occurred on this line in the earthquake of 
1857 and in certain later earthquakes. The first reference in scientific literature to this 
feature appears to have been in the year 1893, in a paper entitled ''The Post-Pliocene 
Diastrophism of the Coast of Southern California,” by Andrew C. Lawson, which is 
quoted in the sequel. The next reference to this peculiar line is in the eighteenth annual 
report of the U. S. Geological Survey for 1896-1897, Part IV, in a paper by Schuyler 
on "Reservoirs for Irrigation,” where, pp. 711-713, the significance of the line is fully 
recognized in the following words quoted in full : 

This reservoir has especial interest, not only as the first one of any magnitude com- 
pleted on the Mojave Desert or Antelope Valley side of the Sierra Madre in southern Cali- 
fornia, but because it lies directly in the line of what is known as " the great earthquake 
crack ” of this region, which is marked by a series of similar basins behind a distinct ridge 
that appears to have been the result of the great seismic disturbance. 

This remarkable line of fracture can be traced for nearly 200 miles thru San Bernardino, 
Los Angeles, Kern, and San Luis Obispo Counties, and deviates but slightly here and there 
from a direct course of about N. 60° to 65° W. There appears to have been a distinct 
"fault” along the line, the portion lying south of the line having sunken and that to the 
north of it being raised in a well-defined ridge. In many ])laces along the great crack, 
ponds and springs make their appearance, and water can be had in wells at little depth 
anywhere on the south side of the ridge before mentioned. A tough, plastic, blue clay 
distinguishes the line of the break, in this portion of its course at least; and where the 
line crosses Little Rock Creek, the blue clay has formed a submerged dam, which has 
forced the underflow near the surface and created a " cienega immediately above it. After 
crossing the line, the water of the creek drops quickly away into the deep gravel and sand 
of the wash. The same effect is noticeable at other streams, and it has been suggested as 
the probable cause of the very distinct rim marking the lower margin of the San Bernardino 
Valley artesian basin and confining its waters within well-defined limits, as this rim is nearly 
on a prolongation of the line that is traceable on the north side of the mountains — the 
break having crost the mountains thru the Cajon Pass on the line of Swartout Canyon. 

In 1899 the essential features of the same line in the n'gion north of the Golden Gate 
were recognized and discust by F. M. Anderson. ‘ In later years Dr. H. W. Fairbanks 
has traced out the line in various field trips and has given several public lecturers 
descriptive of its features and its significance, but has published no systematic account 
of his studies. 

The fact that the earthquake of April 18, 1906, was caused by a rupture and dis- 
placement of the earth's crust along this line for a distance of about 190 miles, immedi- 
ately focussed the attention of local geologists upon it. Among those engaged upon 

‘ The Geology of the Point Reyes Peninsula, Bull. Dept. Geol., Univ. Cal., vol. 2, No. 5, p. 143 et seq. 
Anderson, however, supposed, as is indicated by the last paragraph of his paper, that the faulting ante- 
dates entirely the Pleistocene terrace formations. 
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its investigation, it became known as the “rift line.” Since the earthquake it has been 
traced as a geomorphic or ph 3 rsiographic feature from Humboldt County to the Colorado 
Desert, with a possible gap between Shelter Cove and Point Arena, where, if continuous, 
it lies beneath the Pacific. Its continuity has, however, been satisfactorily established 
from Point Arena to Whitewater Canyon, at the northern end of the Colorado Desert, 
a distance of 530 miles. Thruout this entire distance it lies along depressions or at the 
base of steep dopes which are either the direct result of crustal displacement or of stream 
erosion, operating with exceptional facility along lines of displacement. There can be 
no doubt that the displacements have b^n recurrent thru a considerable part, if not 
the whole of Pleistocene time, and that in parts of its extent, at least, the movements 
have taken place on fault-lines which originated in pre-Miocene time. The later move- 
ments on this line have given rise to minor features which subaerial and stream erosion 
have not yet obliterated, and it is these minor features chiefly which have attracted atten- 
tion to the Rift by reason of their striking contrast with more common geomorphic forms 
due to erosion. These minor features are chiefly low scarps and troughs bounded on 
one or both sides by low, abrupt ridges in which frequently lie ponds or swamps of quite 
small extent. 

A summary account will now be given of this rift line as a geomorphic feature. 

HUMBOLDT COUNTY. 

The most northerly point in California at which geomorphic features directly referable 
to the violent rupture of the earth’s crust have been observed are those noted by Mr, 
F. E. Matthes in the vicinity of Petrolia in Humboldt County. Here south of Petrolia, 
on high bare mountain spurs between Cooskie, Randall, and Spanish Creeks, he reports 
the occurrence of several small ponds and ridges such as have been familiar to those 
engaged in the field study of the earthquake phenomena as characteristic Rift features. 
Similar features are also found at the base of these spurs near the shore. These are in 
line with similar features found by the same observer between Telegraph Hill and Shelter 
Cove, a few miles to the southeast. Here, particularly in Wood Gulch (plate 1), is a 
narrow depression with ponds, ridges, and saddles, which appears to be essentially a 
feature due to deformation and to have determined the course of the drainage. The 
course of the depression is about N. 25** W. In this depression lies the trace of the 
fault upon which movement took place on April 18, 1906. Its course, if followed south- 
ward to the cliffs above Shelter (jove (plates 2a, 3a, b), heads out to sea with a trend 
nearly parallel to the coast. Great landslides occiu* along the coast in proximity to 
this line, and are in part on the Rift. The rocks traversed by the Rift in this part of 
Humboldt County appear to consist wholly of shales, sandstones, and conglomerates 
which are probably of Cretaceous age, altho since the geology of the region has not been 
studied, positive statements in this regard can not be made. The region is high and 
rugged, with a very precipitous descent to the sea. King Peak having an elevation of 
4,090 feet at a distance of about 2 miles from the shore. 

POINT ARENA TO FORT ROSS. 

From Shelter Cove to near Point Arena, the Rift, if continuous, lies beneath the waters 
of the Pacific. The continuity for this stretch is of course open to question, and in another 
place the considerations bearing upon this point will be presented. At the mouth of 
Alder Creek, 4.5 miles northwest from Point Arena, the Rift enters the coast from the sea 
and is thence traceable continuously to a point about 2 miles southeast of Fort Ross, 
a distance of about 43 miles, with a nearly but not quite straight course, being slightly 
curved with the convexity toward the ocean. (See map No. 2.) For our knowledge 
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of the features of the Rift for this part of its course, we are chiefly indebted to the 
observations of F. E. Matthes and H. W. Fairbanks. For this stretch its course is some- 
what more meridional than the trend of the coast, so that it converges steadily south- 
ward upon the shore line, and finally intersects it below Fort Ross. Between the mouth 
of Alder Creek and the Garcia River the Rift is marked across a low, rolling country by 
a series of depressions, swamps, and ponds, many of which arc without outlet. At the 
point where it intersects the Garcia River, the valley of the latter from that point up- 
stream for a distance of 9 miles follows the Rift (plate 3c, d), and its course has with 
little question been determined by the structural conditions inherent in the Rift. On 
the southwest side of the valley the minor features of low ridges and swamps are com- 
mon, and there are in places two sets of parallel ridges. PYom the head of the longi- 
tudinal valley of the Garcia, the Rift passes over a sag in the mountains to the Little 
North Fork of the Gualala River. From this point southeast, the Rift follows the 
common and very straight valley of the Little North Fork and the South Fork of the 
Gualala. This valley is separated from the coast by a ridge varying in height from 
300 to about 1,000 feet. The Rift follows the valley, or rather the valley follows the 
Rift, for a distance of about 18 miles, and is characterized by the usual abnormal features 
of low ridges, with elongated swamps and ponds between, extended parallel to the river. 
The ridges again evince a tendency to appear in pairs, which is peculiarly marked near 
Stewarts. North of Plantation House the Rift passes over a broad, swampy divide in 
the coastal ridge (plate 2 b), and at the House is marked by two small ponds. South 
of the Plantation House is a series of swampy hollows extending toward Buttermorc’s 
ranch. The latter lies in a broad, swampy saddle. From Buttermorc’s ranch south- 
ea.stward the Rift is marked by a line of deformation traversing the uplifted wave-cut 
terraces and sea-cliffs which are notable features of this part of the coast. liow ridges 
with northeasterly scarps form barriers which pond the surface waters and give rise to 
numerous ponds and small swamps or elongated hollows. Several small ravines and 
gulches lie in its course, and occasionally a landslide is clearly related to the path of 
the Rift. In the vicinity of Fort Ross, the geomorphic forms of the Rift arc particularly 
well e.xemplified and a typical stretch of the latter is cartographically represented on 
map No. 3. Low ridges up to 10 feet in height, some with mature rounded slopes, 
others with abrupt slopes to the northeast, mark its course. Alined with these are 
scarps which, by reason of their monoclinal slopes, can scarcely be called ridges. Behind 
the ridges and scarps are pools and small swamps. Some of the small streams follow, 
the Rift and have established notable ravines along its course. (Plates 4 and 5.) 

With regard to the geology of the territory traversed by the Rift from the vicinity of 
Point Arena to Fort Ross, Dr. H. W. Fairbanks has kindly examined the ground and 
supplied the following note : 

Except for a strip of sandstones (Walalla beds) of upper Cretac.eous age extending along 
the coast north and south of the mouth of the Gualala River, and a triangular area of 
Monterey shale and sandstone underlying the coastal terraces in the vicinity of Point Arena, 
the rocks of almost the entire mountainous region between the upper Russian River Valley 
and the coast belong to the Franciscan. There seems to be but one fault in this region, and 
that is on the line followed by the Rift. The Walalla beds begin upon the coast a little south 
of Fort Ross and, extending inland, form the ridge between the Gualala River and the ocean. 
The formation thins out against the ridge bounding the Gualala Valley upon the northeast. 
The line of junction is an irregular one, for in places the soft sandstones reach quite to the 
top of the ridge referred to. These beds extend along the coast to the northwest for more 
than 30 miles, finally terminating 7 or 8 miles south of Point Arena, where they are overlain 
by the Monterey sandstones and shales. The Rift does not follow the contact between the 
Walalla and Franciscan formations and the vertical displacement does not appear to have 
been very great, as in only one place was it enough to bring up the underlying Franciscan 
rocks upon one of its walls. The Rift, for something more than a mile after emerging from 
the ocean southeast of Fort Ross, lies in the Franciscan formation, and the latter is greatly 
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crusht and broken along it. Back of Fort Ross, the surface rocks traversed by the Rift 
belong to the Walalla formation, and from this point for a number of miles to the north- 
west no other formation appears. 

ME. 



Fio. 1. — Geological section transverse to the Rift where it is followed by the Walalla (Gualala) River. 


At the point where the road from Stewarts to Geyserville crosses the Gualala River, fault- 
ing and erosion have exposed the underlying Franciscan formation. This appears upon 
the northeast side, showing that the opposite side, that toward the ocean, has dropt. 
The Franciscan occupies but a narrow strip and is replaced for some distance up the ridge 
upon the northeast, by Walalla sandstones. These relations are shown in the cross-section 
sketch shown in fig. 1. Near the mouth of the Walalla River the formation upon the coast 
side of the Rift still appears to be the Walalla sandstones; the rocks upon the opposite 
side are buried under the alluvium of the valley. After leaving the valley of the Garcia 
River, the Rift lies wholly within the Franciscan formation until it disappears in the ocean. 
The Monterey shales with sandstones at their base form nearly the whole of the coastal 
terraced plain in the vicinity of Point Arena. They rest unconformably upon the Francis- 
can rocks and dip at a steep angle to the southwest. The Monterey formation nowhere 
appears to come in contact with the fault. 

BODEGA HEAD TO BOUKAS BAY. 

General Note. — From the point 2 miles south of Fort Ross where the Rift in its south- 
easterly course leaves the shore, it passes beneath the Pacific for a distance of 12 or 13 
miles. Its observed course to the northwest of Fort Ross, if projected southeasterly 
with a slight curvature, would strike the shore again at Bodega Head; and here it is 
found on the low ground of the isthmus that connects the head with the mainland. 
The Rift here coincides in position with a fault described by Osmont,* whereby the Fran- 
ciscan rocks to the east are dropt down against the pre-Franciscan dioritic rocks of the 
headland. Immediately to the east of the fault-trace is a marsh. Across the mouth 
of the bay formed by the headland is a sandspit and the fault-trace should cross the spit 
near its abutment upon the shore line, but the drifting sands preclude its finding an 
expression here in geomorphic forms. 

To the south of Bodega Head the Rift follows Tomalcs Bay (plate 6a) to its head near 
Point Reyes Station. This is a remarkably linear inlet of the ocean lying between Point 
Reyes Peninsula and the mainland, having a length of about 15 miles and not exceeding 
a mile in width. It has generally Ixien regarded as a feature dcstermined by a fault,* 
the same as that noted by Osmont at Bodega Head, whereby the Franciscan rocks of 
the mainland were brought against the pre-Franciscan granitic and dioritic rocks of the 
peninsula. The bay is quite shallow, but both of the slopes above the shore line arc 
rather precipitous, and the ridge crests on either side attain elevations of over 1,000 feet. 
On the mainland side of the bay there are some rather vaguely defined terraces, lx)th in 
the form of wave-cut benches and delta embankments. On the same side of the bay 
there are marine deposits of late Pleistocene age, containing abundant molluscan remains 
which have been elevated to about 25 feet alwve sea-level, and which are the c(}uivalcnt 
of similar deposits at a similar elevation on the east side of San Pablo Bay. 

‘ Bull. Dept. Geol., Univ. Cal., vol. 4, No. 3. 

’ Cf. Anderson, Geology of Point Reyes Peninsula, Bull. Dept. Geol., Univ. Cal., vol. 2, No. 5. 
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To the south of Tomales Bay the Rift lies in a remarkable defile with abnormal and 
ill-adjusted longitudinal drainage, which extends thru to Bolinas Bay, a distance of 
about 14 miles. On the east side of the defile is the steep coastal slope of the mainland, 
rising to a ridge crest from 1,000 to 1,700 feet in height. The transverse gullies in this 
slope are shallow, and detract but little from the general effect of a fairly regular but 
uneven steep slope. On the west is an even steeper but more incised and rugged slope, 
which forms the eastern edge of the peninsular land mass. This slope culminates in 
crests having an altitude of about 1,500 feet. The most striking geomorphic feature 
of the bottom of the defile is the presence of low ridges with intervening ravines or gul- 
lies elongated parallel to the general axis of the depression. More or less hummocky 
surfaces, with hillocks and hollows having no regular orientation, also occur. In the 
hollows ponds are fairly common features. The chief drainage is to Tomales Bay by 
Olema (>eek, which heads within 2.5 miles of Bolinas Lagoon; and the divide between 
this stream and the parallel one which flows to the southeast has an altitude of about 
400 feet above sea-level. The southeast end of the depression is submerged beneath 
sea-level, and is cut off from Bolinas Bay by a sandspit. The very shoal water inside 
of the sandspit is known as Bolinas I^agoon. (See plate 6b.) 

The rocks on the cast side of the defile belong wholly to the Franciscan scries. On 
the west side, at the north end, we have chiefly the granitic and dioritic rocks of the 
peninsula with limited masses of crystalline limestone into which these rocks are intrusive. 
Farther south the granitic rocks are overlain by the shales of the Monterey series, and 
these rocks form the west side of the defile for several miles. The shales have inconstant 
and often very high dips. Still farther south the sandstones of the Merced series lie 
unconformably upon the Monterey shales, arid near the town of Bolinas dip uniformly 
at moderately low angles toward the axis of the defile. It is thus apparent that the axis 
of the defile crosses more or less obliquely or transversely the contact between the Mon- 
terey and the granitic rocks, and also the contact Ixitween the Merced and the Monterey. 
It is also a remarkable fact that altho on the cast side of the defile the Franciscan rocks 
constitute the mountain mass to a thickness of several thousand feet, this entire series, 
together with the Knoxville, Chico, Martinez, and Tejon, is almost entirely absent be- 
tween the Monterey and the granitic rocks on the peninsula in the immediate vicinity. 
This indicates clearly that in pre-Monterey time the peninsular mass had been uplifted 
on a fault along the present coastal scarp, so that the granite was brought against the 
Franciscan and denuded of its unconformablc mantle of sedimentary strata before it 
was submerged to receive the deposits of Monterey time. It is also clear that inasmuch 
as there is a great volume of Monterey shales on the peninsular or seaward side of this 
fault line, and no trace of the same formation on the mainland to the cast of the fault line, 
one of two things must have happemxl. Either the submergence which permitted- the 
deposition of the Monterey shales was confined to the peninsula and was effected by a 
downthrow of that block on the same fault as that upon which it had earlier been upthrust, 
so that there was no sea over the territory east of the fault; or, if the regions on both 
sides of the fault were submerged together, then in post-Monterey time the east side of 
the fault was lifted into the zone of erosion and denuded of its covering of Monterey 
shales so thoroly that no trace of them now remains. There is no escape from one or 
the other of these conclusions, and each of them involves a movement on the fault with 
relative downthrow on the southwest side, or the reverse of that which occurred in earlier, 
pre-Monterey time. From this interpretation it follows that the defile extending from 
Tomales Bay to Bolinas Bay lies along the trace of a fault which dates from pre-Miocene 
time, and that upon this fault there have been large movements in opposite directions 
so far as the vertical component of such movements is conctirned. The trace of this 
ancient fault is also the line of the modem Rift. 
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The dip of the Merced beds at Bolinas toward the Franciscan rocks of the mainland 
is quite analogous to the dip of the same beds toward the Franciscan of San Bruno 
Mountain on the San Francisco Peninsula,^ and has the same significance, viz., that the 
Merced beds have been relatively downthrown on the west against the older rocks. 
The fault in the Tomales-Bolinas defile has usually been regarded as identical with and 
a continuation of the San Bruno fault of San Francisco Peninsula, and there seems to 
be no good reason for changing this judgment, altho, as will appear shortly, the modern 
Rift to the south of the Golden Gate does not coincide with the trace of the San Bruno 
fault, but leaves it at a small angle and pursues a course nearly parallel, but to the 
southwest of it. It is noteworthy, also, that while on the Point Reyes Peninsula, par- 
ticularly in the vicinity of Bolinas, there is a magnificent wave-cut terrace at an altitude 
of about 300 feet, with a width of 1 to 1.5 miles between the base of its sea-cliff and the 
brink of the present sea-cliff, no such feature is to be found on the landward side of 
the fault-line on the coastal scarp between Bolinas Lagoon and the Golden Gate. 

Characteristics of the Rift (G. K. Gilbert, pp. 30-35). — In a broad sense the structural 
trough in which lie the two bays is a feature of the great Rift. In a narrower sense 
the Rift follows the lowest line of the trough, controlling the topography of a belt 
averaging 0.75 mile in width. The physiographic habit of the trough is that of a 
depression occasioned by faulting. It is remarkably straight. One wall, the south- 
western, is comparatively steep; the other is comparatively gentle. The gentler slope 
is an inclined plateau with incised drainage. Viewing the trough from any command- 
ing eminence, the physiographer readily frames a working hypothesis of faulting and 
tilting. He sees in the southwestern wall a fault-scarp of moderate freshness, and in 
the northwestern wall a slope originally less steep, in which erosion has been stimulated 
by uplift and tilting. The general facts of the geology of the district, as worked out 
by Anderson,* agree with this theory. The axial line of the valley is recognized by 
him as the locus of a fault, or fault-zone, and the rocks of the southwest wall are every- 
where older than those which adjoin them at the base of the opposite slope. The 
gentler slope is well shown by plate 7a. Plates 8b and 41 b also show something of 
the gentler slope, and plate 7b of the bolder. 

In a general way the two slopes are drained by streams which descend to the axis of 
the valley, and are there gathered in two longitudinal trunk stnsams which flow severally 
to Tomales Bay and Bolinas Lagoon; but in a central belt following the lowest part of 
the trough the details of drainage are comparatively complex, and their complexity 
is associated with peculiarities of the relief which serve to distinguish the central belt 
from the bordering slopes. In the bordering slopes the subordinate ridges conform in 
normal manner to the drainage, having evidently been developed by the erosion of the 
canyons which separate them. In the axial belt the ridges are evidently independent of 
the drainage, often running athwart the courses which would normally be followed by 
the drainage. In part the ridges divert or control the drainage; in part the drainage 
traverses and interrupts the ridges. 

The influence of the ridges on the drainage is illustrated by the accompanying dia- 
grams. Fig. 2 shows the actual drainage sj^tem; fig. 3 the system which would be 
developed if there were no special conditions along the axial zone. The small ridges of 
the axial zone trend parallel to the axis, and their interference gives parallel courses 
to various streams which would otherwise unite. The influence of the drainage on the 
ridges is illustrated by fig. 4, which shows a small ridge resting on the side slope of a 
larger ridge. The drainage of the larger ridge breaks thru the smaller, making gaps. 
Plate 7b shows the slope of a greater ridge at the right; and at the left two bushy hills 

' Cf. A Sketch of the Geology of the Son Francisco Peninsula. U. S. G. S., 15th annual report. 

' Geology of Point Reyes Peninsula, by F. M. Anderson. Bull. Dept. GeoL, Univ. Cal., vol. 2, No. 5. 
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which are part of a flanking ridge dissected by cross-drainage. The flanking ridge appears 
also in the distance. In plate 8a the flanking ridge is broader; in plate 9a it is more 
nearly a terrace than a ridge. 

Similar relations between ridges and drainage lines are found in regions of steeply 
inclined strata, each ridge being determined by the outcrop of a resistant formation, 
or at least all of the preceding description might apply to the topography of such a 
region; but other characters remain to be mentioned, and these serve for ^crimination. 



Fig. 2. — Drainage map of Bolinas-Tomales Valley. Heavy broken linos show crests 
of bounding ridges. IJght broken lines indicate limits of Rift topography. 


Where a steep-sided ridge is determined by the presence of a resistant formation, the 
determining rock follows and usually outcrops along its crest; but in the ridges under 
consideration there are few rock outcrops, and such as occur arc not systematically 
related to the crest lines. The formation of the crest is not always the same thru the 
whole length of the ridge, and it is not always a rock of such character as to resist erosion. 
Between the ridges are linear valleys, and many of these are occupied by streams, but in 
a number of instances they are crost by the drainage. Often they include local depres- 
sions, with ponds or small swamps, this character being so pronounced that forty-seven 
such ponds were seen between Papermill Creek and Bolinas Lagoon, a distance of 11 
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miles. (See plates 9b, 10, 43, 64a.) The valle)^ range in width from 20 or 30 feet to 
about ^ feet, the majority falling between 100 and 200 feet; and each of them is 
approximately uniform in width, unless occupied by a stream. In a typical cross- 
profile, the side of the valley is somewhat definitely distinguished from the bottom by a 
change of slope (see fig. 6), the distinction appearing at one or both sides. 

In view of these characters, and especially of the abundance of ponds, it is evident 
that these little valleys are not products of stream erosion; and that in so far as they 
are occupied by streams the streams are adventitious. Their true explanation is sug- 
gested by their relation to certain of the earthquake phenomena of April, 1906. As will 



Fia. 3. — Hypothetic drainage map of Bolinas-TomaleH Valley, if developed without 
influence of Rift diBidacement. Compare flg. 2. 


presently be described in detail, the trace of the earthquake fault thru the greater part 
of its course in the larger valley follows the edge of one or another of these small valleys ; 
and in places where the fault movement included vertical dislocation, such dislocation 
nearly always tended to increase the depth of the valley. (See plate 10b and fig. 6.) 
Of the numerous minor or secondary cracks developed by the earthquake in the immedi- 
ate vicinity of the main fault, a considerable proportion occurred at the edges of the little 
valleys, following more or less closely the line along which the bottom meets the side ; 
and with these cracks also there was usually a little vertical dislocation, the ground 





PLATE 6 



A. Looking down TomalM Bay firom near Olema. H.W.F. 



B. Looking down Bolinae Lagoon and Bay toward the Qolden Bate. Village of Bolinae in foregronnd. H. W. F. 




PLATE 7 



B. Fanlt-BRg and Bide-hill ridge near Bondietti’e ranch. The fanlt-traoe followB Bag and appearB at left of field. &. K. 0. 
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sinking a few inches on the side toward the middle of the valley. Thus the surface 
changes associated with the earthquake tended, within this belt, to increase the dif- 
ferentiation of the land into ridges and valleys; and it is easy to understand that the 
inception as well as the perpetuation of the ridges and valleys was due to faulting. 



ridgu. 



Fiu. 5. — Cross-proliles of faiilt-sugN. 



Fill. G. — CrosB-prolilc ot sido-liill 
sag shown in plates 7b and 10 b. 


Collectively these ridges and valleys occupy a belt from 0.6 to 1 mile in width, and 
constitute the local development of the Rift, using that term in its narrower sense. They 
make up the entire surface of the belt, except where overpowered by some vigorous 
creek. The individual ridges are not of great length, being 2 or 3 miles at the most, 
and usually much less. Some of them end by wedging out, others by dropping down 
until replaced in the same line of trend by valhjys. Their greatest height above base, 
except where the adjacent valleys have been deepened by erosion, is about 150 feet. 
The narrower have straight, acute crests; the broader have undulating backs with 
more diversity of form than is shown by the associated valleys. Some are crost by 
curved or straight depressions, and these depressions have all the characters of the 
parallel valleys, including the association of earthquake cracks. 



Fio. 7. — Cross-profilo of BoliiiaH-Toinale9 Valley. Vertical and horizontal .scali's 
the eaine. iifiiC = limits of Rift. P— valley of Pine (Suleh Creek running SE. 
0 = valley of Olenia Creek running NW. 


In the remainder of this report the term Rift will Ixj applied only to the narrow belt 
just described. Regarding it as the surface expression of a great shear zone or compound 
fault, the ridges are the tops of minor earth-blocks, and the valleys are in part the tops 
of relatively deprest blocks and in part depressions resulting from the weathering of 
crusht rock. Considering the Rift as a physiographic type, I find it convenient to have 
a specific name for one of its elements, the small valley; and in some of the descriptions 
which follow I shall speak of it as a fatiU-mg. (See plates 7b, 8a, and H.) 

The general relation of the Rift to the greater valley is illustrated by the cross-profile 
in fig. 7. Along its northeastern side it everywhere lies lower 
than the adjacent slope of the greater valley, the produced 
profile of the valley slope passing above the fault-ridges as well 
as the fault-sags. Along its southwestern side some of the fault- 
ridges appear to project above the restored profile of the greater 
valley, while the fault-sags lie below. If I interpret the struc- fi«. a — weai oevtinii 
ture correctly, the great compound fault concerned in the making Srin 

of the valley trough — a fault of which the vertical dislocation 
amoimts to several thousand feet — includes a certain amount of step-faulting, which 
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is responsible for some of the western ridges of the Rift belt; but with that exception, 
the ridges and sags of the Rift are occasioned by the unequal settling of small crust 
blocks along a magnified shear zone. (Fig. 8.) 

The limits of the Rift are not definite. The boundaries drawn in fig. 2 serve to 
indicate the belt in which the Rift structure dominates the topography, but do not 
indicate the limits of the Rift structure. Within the belt the dislocations have been so re- 



Fio. 9. — Crofls-proiileH of the Uift arranged in geographical onler with the inont northerly at 
top and northeast ends at the right. PoHitionM of fault-trace and its branches are indi- 
cated. The profiles are copied from field sketches made without measuroment. 


cent and of such amount as to keep ahead of weathering and erosion, so that their expres- 
sion has been little dimmed by the processes of aqueous sculpture. Outside the belt the 
evidences of recent dislocation are less striking, but nevertheless exist. The inter-stream 
ridges of the northeastern slope are here and there indented and creased in such a way as 
to indicate recent faults of small amount trending parallel to the Rift. In the vicinity 




PLATE 8 





A. Fault'sag 6 milos south of Olema, looking northwest. The drainage crosses the sag fi'om right to left. Q. K. 0. 



Bi Bide-hill ridge 4 miles south of Olemai looking northwest. 






PLATE 9 



A. Side-hill ridge 4 nilei eonth of Olema, looking southeast. G. K. Qt, 



H. V.fft tonography, with pond, a mile south of Olema, looking sontheast. 0. X. 0, 




PLATE 10 



B. The fRQlt-traoe near BondieUi’a ranch, looking weit. Illnstrates the aeeociation of Tortioal diaplaoement with 

fanlt-eags and ponda. 0. X. G. 



PLATE il 



Ai Faalt-BAg 2 inilei loiith of Olema, looking Bontheait. K. Q. 



B. Fanlt-iag 3 milei loatli of Olema, looking lontheuti 0. K. 0. 
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of both Bolinas Lagoon and Tomalcs Bay such features grade into dislocation terraces of 
greater magnitude, which originated at earlier dates but may have been recently accentu- 
ated. There are also narrow terraces of displacement on the comparatively steep face 
of the ridge southwest of the Rift, and at two points there are minor crests and asso- 
ciated canyons parallel to the main crest and to the Rift. So little is known of the local 
details of geologic structure that a different explanation of these creases, terraces, and 
spurs is not altogether barred; but their physiographic relation to the Rift features is 
so intimate as to leave little question in my mind of their genetic similarity. Assuming 
that they are correctly explained as the product of minor faulting of only moderate 
antiquity, they serve to connect the great trough containing the bays with the narrow 
belt of peculiar and striking topography, and indicate these as parts of a single great 
phenomenon — a belt which has been the locus of complicated fissuring and dislocation 
during the later geologic epochs. 

MUSSEL ROCK TO PAJARO RIVER. 

From Bolinas to the vicinity of Mussel Rock, about 8 miles south of the Golden Gate, 
the course of the Rift is beneath the waters of the Pacific, across the bar in front of the 
entrance to the harbor. Near Mu.ssel Rock it intersects the shore at a great landslide 
(plate 12a) in rocks of the Merced series. At Mussel Rock, the basal beds of the Merced 
series rest directly upon an old land surface of worn-down Mesozoic rocks, and the basal 
bed contains abundant cones of Pinus insigrm resting upon cemented alluvium. The 
cone-bearing bed immediately underlies marine strata and numerous fossils occur near 
the base of the series at the top of the ridge. The Merced strata here have a dip of about 
15° to the northeast. The contact between the Merced and the older rocks trends south- 
east across the peninsula; and for some miles the Rift is approximately coincident with 
the trace of the contact and, for some portions of this distance, exactly so. From the 
shore line the course of the Rift is the same as that of the steep cliffs which rise at the 
back of the Mussel Rock slide to an altitude of over 700 feet. From the top of these 
cliffs, at an chivation of about 500 fciot alK)V(! sea-h^vel, the course of the Rift as far as 
San Andnias Lake is mai'ked by a line of shallow longitudinal depres-sions, ponds, and 
low scarps. (Sec plate 12b, 13, and 14.) There are eight ponds in this stretch of about 
4.5 miles. This portion of the modern Rift was r(^cognized as such in 1893.* 

At a point about 4 mil(» from the Mus.scl Rock .slide, the longitudinal depression which 
marks the course of the Rift becomes much more pronounced and passes into a remark- 
ably straight and deeply trenched valley, the greater part of which has been converted 
by large dams into the San Andreas and Crystal Springs Lakes, us(h1 as reservoirs by 
the Spring Valley Water Company as water supply for the city of San Francisco. This 
straight valley (see plate No. 15) has an extent of 15 miles with a steady course of 
S. 34° E. to a flat divide southwest of Redwood City, whereby one passes over into the 
end of a similar but less pronounced valley, in which are situated Woodside and Portola. 
The San Andreas and Crystal Springs Lakes valley is almost wholly in the Franciscan 
terrane and the axis of the valley is discordant with the structural lines and contact 
planes of its constituent formations and intrusiv(5 masses. At the upper end of San 
Andreas Lake, however, the southwest edge of the Merced terrane forms in part the 
boundary of the valley on the northeast side for a short distance. The valh^y as a geo- 
morphic feature (plate 16a) dates back fairly well into the Pleistocene. It is drained 

‘ ** The line of demarkation between the Pliocene and the Mesozoic rocks, which extends from Mussel 
Rock southeastward, is in part also the trace of a post-Pliocene fault. The gr(*at slide on the north side 
of Mussel Rock is near the land t(*rininu8 of this fault>zone, wh(*re it intersects the shore line. Movement 
on this fault-zone is still in progress. A series of depressions or sinks, occupied by ponds, marks its 
course. Modern fault-scarps in the Pliocene terrane are features of the country traversed by it.*' The 
Post-Pliocene Diastrophism of the Coast of Southern California, by Andrew C. Lawson, Bull. Dept. 
Geol., Univ. Cal., vol. 1, No. 4, pp. 150-161. 
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by San Mateo Creek which flows in a sharp gorge thru the wider part of the broad, flat* 
topt ridge which separates the valley from the Bay of San Francisco. This stream is 
regarded as a relic of the original consequent drainage of the northeast slope of Montara 
Mountain, which became superimposed upon the Franciscan terrane by the denudation 
of the overlying soft and little coherent Merced formations. From this consequent 
trunk the valley in which San Andreas and Crystal Springs Lakes now lie was evolved 
by subsequent erosion along the line of the Rift, its present features dating from a period 
in the Pleistocene later than the removal of the Merced formations. A small portion 
of the upper end of the valley has been captured by the headwater erosion of San Bruno 
Creek. 

To the southeast of Crystal Spring? Lake, the valley followed thus far bifurcates about 
2 miles beyond the lake, on either side of a median ridge. The two branches are nearly 
parallel. The east branch rises to a wide and rather flat divide, with streams heading 
in it from both sides. The other branch, altho it is more incisive, has no well-dcflned 
stream, but has a small swamp at its lower end. It rises to a sharper divide, from which 
there is a descent into the narrow straight canyon of West Union Creek. It is this 
western depression that the Rift follows. Near Woodside the canyon of West Union 
Creek expands into a more open valley, with steep mountains on the southwest and 
lower hills on the northeast. The Rift follows this straight valley (plate 16 b) to its 
southeastern end, and then ascends to the saddle which separates Black Mountain from 
the mountains to the west. From this saddle it descends to the narrow canyon of 
Stevens Creek. It crosses the canyon at a small angle near its upper end and parallels 
the creek on the southwestern side, at an elevation of about 500 feet above it. It then 
passes thru the saddle between Stevens Creek Canyon and Congress Springs, and keeps 
well up on the slopes to the west of Congress Springs behind a series of shoulders and 
knolls to a reservoir on a saddle thru which it passes. From this saddle southeastward 
the line of the Rift again lies along the southwest side of a longitudinal valley and so 
continues on a line independent of the present drainage to the pronounced notch in the 
crest line of the range at Wright Station. 

In this stretch of the Rift from Crystal Springs to Wright, the coincidence of the Rift 
with the major geomorphic features is very striking for the first half of the distance. 
In the second half, if we judge by the fault-trace, it appears to be quite independent of, 
tho parallel to, the canyons; and its only manifest relationship to the geomorphic fea- 
tures is its coincidence with a series of saddles or windgaps in the transverse spurs of 
the mountains. Its general parallelism with, and proximity to, the crest of the range 
thruout the entire stretch is pronoimced. In the notch at Wright, the Rift intersects 
the crest line and passes from the northeastern flank of the range to the southwestern. 

The general features of the Rift from Wright to Chittenden are described by Mr. E. S. 
Larsen in the following note: 

From the hills above Wright Station to the village of Burrell, a distance of about 
2 miles, the Rift follows along the ridge above Los Gatos Creek, which drains to the 
east. The drainage of the western slope of the ridge is to the Pacific. For most of this 
distance the Rift is a short distance on the Los Gatos Creek side. It usually occupies a 
small, trough-like depression; or, where it cuts just above the heads of the small gullies, 
there are low, rounded knolls between the gullies. These knolls arc seldom over 30 
feet higher than the trough. Just southeast of Burrell, the Rift traverses the ridge and 
follows a gully into Burrell Creek, which it crosses. It continues in a southeasterly 
direction, parallel to the creek and about halfway up the ridge to the southwest of it. 
The elevation of the ridge is only about 400 or 500 feet above the creek bed, and the top 
is rounded, with a steep slope below this to the Rift, and a gentle slope below the Rift 



PLATE 12 



Ai Great landslide at Mussel Booki where the Bift enters the Coast from the Paoifioi Hi Oi Wi 


# 



Bi Looking northwest along the Bift. The landslide is Jnst heyond the house. H. 0. W. 
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A 
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Oharaoterutio ponds along the Bift sontheast of Mnssel Booki HiO.Wi 
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to the creek. Near Burrell the slope is very gentle at the Rift, for from 20 to 50 feet, 
but is steep above and below. Looking up the Rift and the creek from tliis point, one 
gets the impression of a long straight creek, but in reality the view is over the divide, 
down a small tributary of SoqucUe Creek to its junction with the main stream and thence 
up the main SoqucUe Creek. About 2.5 miles from BurreU the Rift foUows a small 
guUy into SoqueUe Creek, which it crosses where the creek makes a sharp turn to the 
west. For the next 4 mikjs, or to the point where the new county road crasses the divide 
between a branch of SoqueUe Creek and Eureka Creek, it foUows near the top of the 
timbered ridge to the southwest of SoqucUe Creek. The heavy timl)er ol)Scures the topog- 
raphy, but the Rift, wherever crost, is marked by a bench or trough on the hillside. 

Following the Rift to the southeast, it passes at the divide into the head of Eureka 
Canyon, rises on the northeast bank, and slowly gets farthcjr away from the creek, cut- 
ting across the tributary creeks and rarely foUowing one of the smaller gulches for a short 
distance. The typical section here gives a steep slope on the high hills to the northeast, 
then about 0.25 mile of gently sloping, rolling hills, and finally the steep slope to the; 
creek itself. The Rift is on the gentle slope, generally at .some distance from either of 
the changes in slope. This continues for about a distance of 2 miles on to Grizzly 
Flat. Here the high steep hills to the northeast are separated from the lower hills to 
the southwest by a flat about 500 fiict across. The Rift is on this flat near its center, 
and usually marks the northeast boundary of a sciries of low knolls. It continues on the 
flat for about 0.5 mile to where the hills close together and leave a rather steep-walled 
gulch. The Rift foUows up this gulch for about a mile, and then crosses into the head 
of another creek, which it foUows down for about 3 miles, where the stream turns sharply 
to the north. For the upper mile the gulch is rather sharp and deep, but at Hazel Dell 
the hills on both sides are low and rolling, while the lower mile is again rather steep, 
opening at the turn to a rather flat country. At Hazel DeU and other points, the Rift 
occupies a small but distinct trough very near the southwest bank of the creek. From 
here to Chittenden, a distance of about 8 miles, it foUows paraUel to Pajaro VaUey, well 
up on the hills, and cuts across the canyons at almost right angles. 

The typical section up one of these ridges gives a gentle slope from the valley to an 
elevation of about 1,000 feet; a steep slope for about 50 foot in the opposite direction, 
which marks the Rift; a very gentle slope for about 1,000 feet across; and finally, the 
steep upper slope of the hills. Over this area the Rift is nearly always marked by a 
trojigh, which often gives rise to a smaU lake perched on a ridge between two steep canyons. 
At a few points, espcciaUy about a mile northwest of Chittenden, small streams and 
gullies tend to follow the Rift, and they then make a sharp turn where they leave it. 
At Chittenden the Rift again pas.scs thru a pronounced notch in the crest of the range 
occupied by the canyon of Pajaro River (plate 17 a), from the western flank of the domi- 
nant ridge of the Santa Cruz Range to the eastern flank of the Gavilan Range. 

The rocks traversed by the Rift from Mu.s.scl Rock to Pajaro River arc, so far as known, 
almost wholly confined to the Franciscan and Monterey scries, the former prevailing in 
the northern part and the latter occurring only in the .southern. At Pajaro River the 
Rift encounters the granitic rocks of the Gavilan Range, but these lie wholly on its 
western side. 
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PAJARO RIVER TO THE NORTH END OF THE COLORADO DESERT. 

By H. W. Fairbanks. 

The earthquake of April 18, 1906, opened and displaced the walls of the old fault along 
the Rift as far south as the town of San Juan in San Benito County. The fault-trace 
passes directly under the western span of the Southern Pacific Railroad bridge across 
San Juan River, as shown by the displacement of the piers at the end of the bridge, a 
distance of 3.5 feet. For a distance of nearly half a mile on cither side of the bridge, 
the river has established itself in the Rift. To the northwest the steep slopes of Mount 
Pajaro facing the canyon do not show any regular fissure. This does not, however, 
indicate any discontinuity in the fault, for the surface of the whole mountain is more or 
less broken by auxiliary cracks, secondary fissures, and slides. 

Southeast over the hills from the point where the Rift leaves the river, the character- 
istic features of the Rift make their appearance. It is marked by a small [)ond (plate 17b), 
springs, and a more or less continuous ridge with its steeper face toward the southwest. 
The fissure of the recent earthquake follows this series of features (plate 18a), and, at 
a point halfway between the bridge and San Juan, there is shown in a broken fence a 
horizontal displacement of 4 f<iet. A mile before reaching San Juan, granitic rocks arc 
exposed upon the southwest side of the Rift. Shortly beyond this point the Rift leaves 
the hills and traverses the western edge of the valley of the San Benito River. The ridge 
which we have been following is now lost in the level floor of the valley, but as far as 
traceable its course is directly toward the low bluff upon the eastern edge of the town of 
San Juan. The fissure of the recent earthquake is to be seen where it crosses the road 
0.5 mile northwest of San Juan, but has not been noted farther along the old Rift lixKi. 
It appears to bend more easterly, and this probably connects it with the disturbances of 
the earth between Hollister and San Juan. Mr. Ablie, of San Juan, states that the 
earthquake of 1890 opened the old Rift and that the displacement of the walls, tho small, 
was in the same direction as in the recent earthquake. 

The town of San Juan stands upon a bench of gravel whi(;h dips gently in a south- 
westerly direction, but upon its northeastern side presents a steesp face which, near the 
old mission, has a height of about 50 feet. This bluff is marked thruout its length of 
0.5 mile by several springs; and there can be little doubt that it owes its existence to a 
fault movement uplifting and tilting toward the southwest a portion of the floor of the 
valley, and that it thus originated in the same way as other similar features which we 
shall find to be characteristic of the Rift. The Rift leaves the valley southeast of San 
Juan and gradually rises along the eastern slope of the Gavilan Range. It intersects 
the head of Ban Juan Canyon, and has here given rise to an interesting modification of 
the drainage. San Juan Canyon is long and narrow and is formed by the union of several 
small streams which, rising upon the higher slopes of the range, pursue a normal com^c 
toward the San Benito Valley, until reaching the Rift, they turn northwest and slightly 
away from the fracture line, giving rise to San Juan Canyon. At the point where the 
Rift intersects the canyon, the narrow ridge between the canyon and the valley has been 
broken thru, and the whole drainage passes directly down the mountain, abandoning 
the canyon, which is now filling with debris fan material. 

For about 10 miles southeast from the head of San Juan Canyon, the Rift follows the 
eastern slope of the Gavilan Range. It is marked by small valleys and gulches, by 
hollows and ridges upon whose sides oak trees are growing; and it is followed almost 
continuously by a wagon road. One of the most interesting features along this portion 
of the Rift is Green Valley, a broad cienega due to the filling up with gravels and silt 
of a valley lying close under the steeper portion of the Gavilan Range. There are two 
fault-lines below the valley and about 0.25 mUe apart. The cienega is due to vertical 
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PLATE 17 




A. The Bift followed by the Pajaro BiTer at Ohittenden. Diilooated bridge rapported by false work. H.W.F. 




B. The Bift a mile sontheaet of Ohittenden. Fond on npper elope of hill. H. W. F. 
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displacement along the upper line, which has raised a ridge of the old crystalline rocks 
across the valley. This dam must first have ^ven rise to a lake, but as this filled up 
with the wash brought down from the mountains, a marshy meadow took its place. The 
oldest resident in the district says that the earthquake of 18G8 formed a small lake in 
the lower portion of the cienega. The great body of gravels filling the old valley acts as 
an important reservoir of water. The city of Hollister has taken advantage of this fact 
to secure a water supply. By tunneling thru the rock barrier, the gravels are reached 
and the water led away in pipes. 

The Rift comes out upon the San Benito River 4 miles above Paicenes P.O. For 
several miles up the river from this point, the Rift line is masked by the recent flood 
plain. Above Mulberry P.O., and just lK*fore coming to the bridge across the river, a 
most striking and interesting feature appears. Upon the east side of the river, and 
separated from it by a ridge, is a narrow depression half a mile long and 75 feet deep, 
without any external drainage. The ridge between it and the river extends a mile 
northwest of the sink, and presents a steep face to the northeast. The road passes along 
the eastern base of the ridge and opposite the sink makes use of its even crest. The 
river makes a sharp bend at the bridge, and the Rift crosses to the west side. Faulting 
has here brought to the surface, upon the west side of the Rift, limestones associated 
with the crystalline schists and granitic rocks of the Gavilan Range. 

In order to follow the Rift beyond the mouth of Willow Creek, we leave the San Benito 
River road at the mouth of the creek and follow to its head a long narrow canyon which 
has evidently been eroded on the line of fracture. At the head of the canyon we come 
out u|)on a bit of open rolling country which, but for a low ridge, would drain into the 
San Benito. This ridge has evidently been raised along the Rift, diverting a stream 
which would naturally be tributary to the San Benito, so that now it forms the head of 
Bear Creek and flows down past the Chelone peaks into the Salinas River. Several 
undrained hollows (plate 18b) mark the Rift as it follows the ridge between Bear Valley 
and San Benito River. The formation of both walls is probably of Tertiary age up to 
a point near San Benito P.O., where the Franciscan series constitutes the southwest side 
and the Tertiary the northeast. South of San Benito P.O., there is a considerable area 
where the surface has been much changed as a result of some one of the movements along 
the old Rift. A fertile valley, perhaps 0.5 mile long, appears to have been formed thru 
sul>sidence, while on the southwest is an abrupt ridge 200 feet high and fully a mile long. 
The ridge without doubt has been produced by faulting. Its abrupt northeastern face 
and long, gentle, southwesterly slope suggest in a nmiarkable manner the great fault 
blocks of the west, such as the Sierra Nevada Range. The ridge gradually sinks in a 
southeasterly direction, blending with Dry Lake Valley. The latter is about 2 miles 
across and has no external drainage. The fault-scarp already mentioned extends as a 
low ridge part way across the valley and is utilized by the road. 

Looking southeast across the valley in the direction whicdi the Rift pursues, a moun- 
tain is seen which seems to have been sharply cut off. Descending a narrow valley to 
the southeast of Dry Lake Valley, we reach the foot of a steep escarpment (plate 19a) 
where there are apparent two, and possibly three, lines of displacement. The middle 
one passes at the foot of the main cliff, which is between 400 and 500 feet high. It 
can not be said with certainty that the whole cliff is the result of faulting, altho it is 
certainly so in part. The formation in the cliff is sand.stone of either Tertiary or Cre- 
taceous age. About 5 miles northwest of Bitterwater th(;re is an interesting valley which 
has been so disturbed that it has no external drainage, while thru its center passes a 
ridge fonned along the Rift. The ridge forms a fine roadlwHl. Descending toward 
Bitterwater Valley and P.O., another ridge appears which Is as even and regular as a 
railroad grade. Bitterwater Valley is occupied during the wet season by a marshy lake. 
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The depression is probably associated in some manner with one of the movements along 
the Rift. Upon the eastern edge of the valley there is an escarpment about 100 feet 
high, due to an upward movement upon the northeast side of the Rift. 

Southeast of Bitterwater, the Rift leaves the younger formation, and at Lewis Creek 
both walls are in the Franciscan rocks. For 20 or 25 miles now, the peculiar features 
of the Rift by which we have followed it are almost absent. The f^anciscan series, 
including old sedimentary rocks, serpentines, and other basic igneous rocks, does not 
lend itself well to the preservation of such records, but appears to be greatly broken and 
crusht and marked by enormous landslides in the vicinity of the Rift. The Rift crosses 
Lewis Creek about 2 miles above its mouth and then passes up over a high ridge lying 
between Lewis Creek and San Lorenzo Creek. On the north side of Lewis Creek there is 
an. enormous landslide, which has nearly blocked the valley. The slide is undoubtedly 
hundreds of years old. The ridge onto which the Rift passes after leaving Lewis Creek 
is crost by it at such a small angle that it does not reach the southern base until we get 
to the head of Peach Tree Valley, a distance of 20 miles. The ridge its whole length is 
shattered and broken, and, as before said, marked by innumerable rockslides. The rather 
steep slopes appear to move every wet season. The headwaters of the San Lorenzo 
Creek (Peach Tree Valley) have been robbed by Gaviota Creek, possibly as a result 
of some movement connected with the Rift. Just above where the stream has been 
diverted, there is another great landslide which the road crosses to reach Slack Canyon. 

At the mouth of Slack Canyon, the Rift leaves the Franciscan series, and coincides 
again with an ancient fault in which the Miocene sandstones are thrown down upon the 
southwest against the older formation just referred to. Passing from Slack Canyon over a 
divide, we come to the headwaters of Indian Creek and Nelson Canyon. As the Rift oc- 
cupies steep slopes much of this distance, it is distinguished chiefly by landslides and rapid 
gullying of the surface. In Nelson Canyon the Rift follows an old fault in which the Mio- 
cene formation has been thrown down upon the southwest side, and the northeast wall so 
raised that the granite on whieh the Franciscan series rests is exposed. Ascending the 
divide toward the head of Nelson Canyon, a long, nearly straight ridge of Miocene clays 
divides the drainage and appears to be due to some one of the movements along the Rift. 

The Rift can be traced thru the hills at the head of the Cholainc Valley by its character- 
istic features, as well as by bluffs which are undergoing rapid erosion. It crosses the road 
a mile west of Parkfield and exhibits here a regularly rounded ridge 200 feet wide and 
20 feet high at the most elevated point. (Plate 19b,) That the ridge must be hundreds 
of years old is shown by the great oak trees that are growing upon it. One white oak is 
fully 8 feet thru. Large springs mark the fissure at this point, and are found along it the 
whole length of the Cholame Valley. According to a resident, the Rift opened along the 
ridge in the earthquake of 1901, the opening being distinctly traceable for several miles. 
Southeasterly from the point just described thru the Cholame Valley, there appears no 
very prominent ridge or escarpment, altho springs and cienegas, marking a gentle swell 
in the flat open surface of the valley, indicate the line of the Rift. 

The region about Parkfield, in the upper Cholame Valley, has been subjected to more 
frequent and violent disturbances than almost any other portion of the entire Rift. An 
auxiliary fissure begins near the main Rift a little west of Parkfield, and extends in a 
more easterly direction along the east side of Cholame Creek. (See plate 20.) The once 
flat, open valley has been broken along this line, and a bluff nearly 200 feet high formed 
facing the Creek. This bluff, now deeply eroded, must have been formed during one of 
the oldest disturbances. The lowland between this bluff and Cholame Creek shows the 
effect of great disturbance over a considerable area. Innumerable hollows interlace and 
extend in all directions. They resemble nearly obliterated creek beds except that they 
have no outlets. Parallel with the front of the dissected bluff, but a little back from 
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Ai Looking northwest along the Rift 3 milos aontheait of Chittenden. H.W.F. 
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A. The Sift 2 milei eonth of Dry Lake Valley, Ban Benito Oonuty. Hi W. I . 
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0. Sift, northeast side Oariasa Plain. 0. L., Jan., 1906. 
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its upper edge, are two paraUd lines of faulting, probably made at a later date than 
the bluff itself. A small lake occupies a hoUow in one. The slopes of one of these V- 
shaped depressions are quite steep, pointing to a comparatively recent orifpn. 

The people living along the Rift for 150 mUcs southeastward from the Cholame Valley 
tell wonderful stories of openings made in the earth by the earthquake of 1857. The 
hrst settler in Cholame Valley was erecting his cabin at that time, and it was shaken 
down. The surface was changed and springs broke out where there had been none before. 
In 1901 a fissure opened in the road which crosses the branch fault just described. After 
each successive shake it is reported that the fissure opened anew, so that the road had 
to be repaired again in order to be passable. 

Upon the western side of the Cholame Valley, near its southern end, the main Rift 
again exhibits an interesting bluff which cuts off the dd)ris fans of the back-lying hills. 
This bluff faces northeasterly. Where the Rift crosses the creek as it passes out of the 
Cholame Valley, a low escarpment was formed upon the west side which must for a time 
have dammed the creek and given rise to a lake. From the outlet of the Cholame Valley 
the Rift line can be seen as it rises along the low rolling hills, and disappears over their 
tops. It is marked by a distinctly steeper slope facing northwesterly, showing that an 
uplift of 30 to 50 feet took place upon the west side. The region traversed thru the 
Cholame Valley southeast to the Carissa Plain and for some miles beyond, exhibits no 
older formation than the Miocene Tertiary, the effects of older faulting, if such has 
occurred here, being masked by recent deposits. Continuing the examination toward 
the southeast, the writer came upon the Rift at the northern end of the Carissa Plain, 
4 miles northeast of Simmler P.O., and in direct line with its course where last seen. 
Here the width of the broken country is much greater than usual, being nearly a mile. 
A number of lines of displacement can be distinguished; some nearly obliterated, others 
comparatively fresh. This is a region of light rainfall and of gentle, grass-covered slopes, 
presenting just such conditions as would preserve for hundreds of years the effects of 
moderate displacements. 

The Rift zone continues to he traceable along the western base of the Temblor Range, 
finally passing out on to the gently rolling surface of the eastern edge of Carissa Plain. 
Broken and irregular slopes, cut-off ridges, blocked ravines, and hollows which are white 
with alkaline deposits from standing water mark the Rift. Carissa Plain has a length of 
about 30 miles. About halfway the Rift begins to be marked by a low and nearly oblit- 
erated bluff upon its northeastern wall. This is at first little more than a succession of 
ridges or hills cut off on the side next to the level plains. These detached ridges finally 
become connected in a regular line of hills with a steep but deeply dissected slope toward 
the southwest and long gentle slopes toward the northeast. This ridge is clearly a fault 
block, and now separates the southeastern arm of Carissa Plain from Elkhom Plain. It 
probably originated during some one of the earlier movements along the Rift ; in fact, 
it is reasonable to suppose that it is of the same age as other important scarps which mark 
the Rift thruout its whole course, and which came into existence as a result of some 
mighty movement opening the earth for several hundred miles. 

Except for one slight bend, the ridge which we have been describing follows a stnught 
course toward the southeast for a distance of nearly 20 miles, finally blending in a much 
larger mountain-like elevation. This has a height of perhaps 500 feet above the sink 
at its southern base. Its deeply dissected front is in line with the front of the ridge 
already described and the two appear to have originated together. The steeper face is 
deeply sculptured into gullies and sharp ridges, while the back slopes off gently toward 
the southern end of Elkhom Plain. Plainly visible along the steep front of the line of 
hillH described are the lesser ridges and hollows produced during the last violent earth- 
quake in this region, probably in 1857. (See plate 21a, b, c.) 
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A gentle divide separates the southern end of the Carissa Plain from a long narrow 
sink extending along the Bift line toward the southeast. (Plate 21 d, e, f.) This sink 
includes an area 6 miles long and in places its drainage is fully 3 miles wide. Several 
deprest alkali flats, covered with water during the wet season, receive the scanty run-off 
of this dry region. These depressions are several hundred feet wide and are bordered 
upon opposite sides by quite sharp bluffs, in some places 100 feet high. The phenomena 
suggest the sinking of long narrow blocks between two walls. This reach of 6 miles 
between the ranches of Job and Emerson is one of the most interesting areas examined. 
The larger scarps belong to some ancient disturbance, while the last one, probably dating 
from 1857, is marked by features comparatively insignificant. 

As we ascend the long grade from the sinks just described, to Emerson’s place, near 
Pattiway P.O., the Rift features become smaller and less regular, altho easily followed. 
(See plate 23a.) At Emerson’s the Rift passes thru a sag in the hills and across the 
head of Bitter Creek. It then rises and crosses a flat-topt hill between this creek and the 
west fork of Santiago Canyon; and descending to the cast fork keeps along the steep 
mountain slope upon the south until it finally crosses the divide between San Emedio 
Mountain and Sawmill Mountain. Thru this section the Rift gradually bends toward 
the east, and in Cuddy Canyon, farther east, it has an cast and west direction for a 
few miles. 

The Rift itself is scarcely distinguishable in Bitter Creek and Santiago Canyons, owing 
to steep slopes and rapid erosion, as well as numerous landslides. Santiago is one of the 
deepest and narrowest canyons in this portion of the moimtains. Its whole southern 
slope, that traversed by the Rift, has been more or less affected by slides producing many 
little basins along the edge of the flat-topt divide between the drainage into the San 
Joaquin Valley and Cuyama River. Huge masses of earth and rock are still moving, 
as shown by fresh cracks and leaning trees. In one place the edge of the divide has 
split away in such a manner as to produce long narrow ridges with depressions behind 
them, closely imitating the real Rift features. Santiago Canyon marks a great fault of 
earlier times. Soft Tertiary formations are faulted down thousands of feet upon the 
south side of the canyon, while upon the north appear the steep granitic slopes of the 
western spur of San Emedio Mountain. 

’fhe Rift appears upon the north side of the pass which leads from Santiago Canyon 
to San Emedio Canyon. Two lines of disturbance are here plainly visible. Going down 
the west branch of San Emedio Canyon, the Rift zone is plainly traceable, but nowhere 
does it form important features. Passing to the cast fork of the canyon, we continue 
on the line of the Rift to the divide leading over to Cuddy Valley. (Sec plate 22a.) 
Beginning upon the divide, a broad roimded ridge, fully 50 feet high upon its southern 
side, extends down the slope in a direction a little south of ca.st. Cutting thru the center 
of this ridge longitudinally is a d(!op V-shapod depression, as tho a movement later than 
that which formed the ridge had opened a fissure thru its center. On the sides of the 
ridge, as well as the slopes of the fissure in it, large pine trees are growing in an undis- 
turbed condition. Continuing down the ridge, we find that in the course of a mile it 
gives place to an escarpment facing northerly. A valley 4 miles long and 0.5 mile wide 
lies below the escarpment and contains mcaflows and a small lake without any outlet. 
Springs mark the Rift line. The escariment has been much eroded, but toward its 
eastern end it has a height of nearly 300 feet and is covered with a growth of pine trees 
among which are stumps of large dead trees in an undisturbed condition. The valley 
and the bluff arc doubtless the product of the earliest movement in the epoch of which 
we are treating. The last movement left a comparatively small ridge traceable here 
and there along the base of the greater. 

Continuing on the line of the Rift, we enter and pass for 10 miles down Cuddy Canyon. 
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(See plate 22b.) The fissure follows its northern side for several miles and then, bending 
a little toward the south, crosses the canyon and takes a course for Tejon Pass. The 
granitic mountains upon the north of the canyon rise with exceedingly steep slopes, the 
rocks of which have been thoroly shattered. Immense quantities of rock debris have been 
brought down the gulches, building up in the main canyon a succession of large and steep 
debris fans. So much debris has been carried down the canyon that it has been blocked 
at the point where it turns toward old Fort Tejon, and has thus given rise to Castac Lake. 
The Rift crosses the divide at the gap known as Tejon Pass. Here there arc features due 
to two movements. Descending a few hundred feet, wc find ourselves in a long valley, 
extending about 10 miles in a direction a little south of easl. Springs, marshes, and two 
ponds mark the line of the Rift from Gorman Station easterly. (Plates 23b and 24a.) 

At Gorman Station, several miles below Gorman, there is a wonderfully regular ridge 
forming a marsh. In this vicinity the earthquake of 1857 is reported to have done much 
damage, shaking down an adol)c house and breaking up the road. The little lake upon 
the divide halfway between Gorman Station and Neenach P.O. is due to debris brought 
down from the hills upon the south thru which the Rift zone passes. The Rift follows a 
very regular and straight course, a little south of cast, along the mountain slopes south 
of Antelope Valley. Thru the most of the distance, as far as Palmdale, it occupies a 
scries of valleys shut off by considerable elevations from the open slopes of Antelope 
Valley. After traversing the northern slopes of Libre and Sawmill Mountains, the Rift 
crosses the head of Oak Grove Canyon, then another small canyon with branches east- 
ward and westward along the break, and eastward of this a long canyon opening out to 
the fertile valleys about Lake Elizabeth. 

Lake Elizabeth and Lower Lake (plate 24b) are both duo to the blocking of the drain- 
age of two valleys extending along the Rift. These valleys lie on the slope of the range 
toward the desert (Antelope Valley), but their outlet is southward by a narrow canyon 
thru the heart of the mountains lying between the desert and Santa Clara River. A 
low escarpment along the southern side of the valley in which Lake Elizabeth lies, and 
eastward, is replaced by a lofty rounded ridge which appears to be due to some one of the 
movements along the old fault. For several miles east of the lake (plate 25a) the dis- 
tinctive and (diaracteristic features of the Rift are not as easily made out, altho the ridge 
just mentioned is full of springs and exhibits a widespread landslide topography. Toward 
the CJistem end of this ridge small hollows and a low, indistinct escarpment again appear. 
The ridge sei)aratcs Leones Valley, a fertile and well-watered district 5 or (i miles long, 
from the open Mojave desert on the north. 

From Leones Valley to and beyond the point where the Rift zone ci’osses the Southern 
Pacific Railway, a con.stant succession of cienegas is found on the upper si«lc; that is, 
on the side toward the mountains. Movements have evidently been so often repeated 
and so intense along the Rift as to grind up the rocks and produce an impervious clayey 
stratum, bringing to the surface the water percolating downward thru the gravels of 
the waste slopes. A mile west of Alpine Station on the Southern Pacific Railway, 
there begins another escarpment with its abrupt face toward the south. This extends to 
and across the railroad. South of the escarpment the surface has sunk so as to form a 
basin. (Plates 25b and 26a.) This has been artificially enlarged and used as a reservoir 
for irrigation about Palmdale. The main escarpment is 40 to 50 feet high in places, 
and where the railroad crosses it there appe^ar to be two, an older and a younger one. 
From the summit of the ridge marking the Rift west of Alpine, an extensive view east- 
ward is obtained. The long d(isert waste plain leading up to the foot of the mountains 
on the south (Ran Gabriel Range) exhibits a strikingly interesting feature. It is not 
continuous across the line of the Rift, but shows a break with the uplift upon the lower 
side. The amount of displacement appears to be between 200 and 300 feet. 
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An extendfd study would be necessary to determine in detail the geology of the Rift 
from Gorman Station eastward. Near Gorman a dike of basaltic or andesitic lava extends 
parallel with it for some distance. Granitic rocks often form one side, while soft Tertiary 
beds of a light or reddish color frequently appear in the raised ridges. Between Palm- 
dale and Big Rock Creek, low discontinuous ridges, springs, and cienegas point out the 
line of the Rift, altho there art; stretchcis of several miles at a time where either the 
original displacement was not great or erosion has removed its effects. Four miles 
west of Big Rock Creek there is one fine escarpment 0.333 mile long and 40 feet high, 
facing the mountains on the south. (Plate 27a.) In this section there are indications 
of at least two movements. (See plate 26b.) The Rift passes just below Big Rock P.O. 
cast of Big Rock; a trail on the northern slope of the mountains and a wagon road on 
the southern side of the divide follow the Rift continuously to a point near the mouth of 
Cajon Canyon. On the north side of the mountains (San Gabriel Range) there is no im- 
portant depression on the Rift between Big Rock Creek and Swartout Valley; never- 
theless the comparatively recent movements have been of sufficient magnitude to produce 
ridges and hollows giving a continuous and easy route for the trail along the slope of the 
mountains. 

Before reaching the divide leading over to Swartout Valley, wo encounter .some striking 
features. Near the hea< 1 of Mescal Canyon a ridge has been split away from the mountain , 
diverting the little streams from above and making two drainages where one would 
normally appear. In places this ridge (plate 27b) is as sharp and as perfect as tho formeil 
but yesterday; but the great pine trees, growing upon its top and sides (the altitude here 
being nearly 7,000 feet), tell us that it must be hundreds of years old. At the head of 
the canyon the trail lea<l.s thru a sharp V-.shaped cut where the bare sliding surfaces 
make it appear as if movement had recently taken place in the Rift. (See plate 28a.) 

Pas.sing over a sag in the mountains to Swartout Valley, the Rift is le.ss prominent 
as a topographic feature, but a line of springs marks its course. Lone Pine Canyon 
is ntmarkable for its length and straightness. The Rift passes down its whole 
length but it is not very prominent. Springs appear at several points, also small 
cienegas with a slight escarpment below tlufm. At the mouth of l>)nc Piiu; Canyon and 
a little al)ove its junction with the Cajon Canyon (plate; 28b) an; more interesting featun*s. 
Two lines of displacement appear here, and betwe(;n them a long, narrow sunken block 
with a small lake in its lowest portion. (S(H) plab; 29a.) 

The line of disturbance now cross(;s Cajon Canyon, giving rise to broken and sliding 
cliffs; and then, j)assing over a spur of th(; San Bernardino Range, comes out at its foot 
before reaching Cable Canyon. From this point the Rift (;ontinucs on southeasterly at 
or near the junction of the gravel slop(;s of the »San B(;rnardino Valley and the steep moun- 
tain slopes of crystalline rocks. The uniformly straight cour.s(; which the Rift exhibits in 
this portion of its l(*ngth takes it diagonally across the mountains from the northern and 
desert side of the San Gabru;! Rang(; to tlu; southern side; of the San B(;rnardino Range. 

The torrential streams emerging from the San l^rnardino Range ui)on the grav<;l 81 oik;s 
of the broad valley at its base have cut wide flood plains in the anci(;nt gravels which 
accumulated along the foot of the mountains. The remaining portions of this old slojx; 
lying betwcHjn tho stream plains are call(;d mesas. Back of Devore Heights there appears 
a rounded ridge formed out of the mesa gravels. As we continue toward Cable Creek, 
springs and cienegas are found to be numerous just al)ove it. East of Cable Creek the 
ridge becomes an escarpment facing the valley, and in plac(.;s shows a height of al)out 75 
feet. Viewed in profile, this escarpment breaks the; uniform slope; of the mesa gravels, 
almost reversing their slope on the upjwr side. On the west side of Devi! Canyon there 
is a double escarpment in the gravels, l^th apparently being due to movcm(;nts along the 
Rift. (See plate 29b.) Back of the Muscupiabe Indian reservation and north of the 
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Asylum, there is a much dissected fault cliff 200 to 300 feet in height. Plainly traceable 
in the front of this cliff is a small break, possibly made in 1857. No definite information 
could be gained as to whether the earth opened here at that time, but reports say the 
earthquake was very severe, throwing animals from their feet, etc. 

East of City Greek begins a huge rounded ridge formed in the mesa gravels, and this 
can be traced nearly to Plunge Creek. This ridge is 150 feet wide and steeper upon its 
upper side, where the greatest displacement shown is about 40 feet. The structure and 
shape of the gravel ridge make it appear likely that faulting and folding were both con- 
cerned in its making. Above this ridge and at the highest point where it crosses the mesa, 
water is obtained in abundance for irrigation at a depth of 18 to 20 feet, while in the 
mesa below the ridge no water is found at a depth of 200 feet. 

The Santa Ana River has cut out a wide stretch of the mesa gravels, and has exposed 
upon its eastern bank a good section of these gravels. The gravels at their upper edge 
do not lap over the crystalline rocks but appear faulted down against them. A 0.25 mile 
below the fault is the mouth of Morton Canyon, the stream issuing thru a long, narrow 
canyon eroded in the mesa gravels. Morton Canyon emerges from the steep mountains 
about 2 miles to the southeast and has taken this peculiar course thru the gravels to the 
Santa Ana River, instead of fiowing directly down across them, as do all the other streams. 
The explanation of the turning to the northwest of this canyon at the point where it 
meets the gravels is found in the peculiar api)oarancc of the gravel slope when viewed in 
profile. This, instead of rising with normal slope, lx?comes steeper toward the upper edge?, 
and then descends abruptly to Morton Canyon. The movement on the Rift has broken 
an<l lifted up the gravels to such an extent that the waters of Morton Canyon were 
diverted and turned down to the Santa Ana River along the upper side of the ridge. Since 
this displacement took place, they have had time to cut the canyon in which they are 
now flowing. Southeast of the point where the Rift crosses Mill Creek, the peculiar topo- 
graphic features which have characterizesd it for so many miles become very indistinct. 
It was at first thought that the Rift terminated in this vicinity but closer examination 
made it clear that such is not the case. 

The southern portion of the San Bernardino Range lying between Mill Creek and the 
Conchilla Desert appears to have undergone great disturbance at a recent date. As a 
consequence, erosion has been rapid and extensive, and surface features which farther 
north made the Rift easy to follow have in this region been almost completely obliterated. 
Potato Canyon extends along the line of the Rift to the southeast of Mill Creek. Its 
features indicate that the history of the fault is a complex one. The canyon originated 
thru erosion upon the fault contact between the crystalline rocks of the San Bernardino 
Range and the older Pleistocene deposits along its base. Following this period of ero- 
sion was one in which gravels were again deposited and this was succeeded by the present 
period in which erosion is active. Potato Canyon is the last of the longitudinal depres- 
sions of any size marking the line of the Rift. Between its head and the desert to the 
southeast the main drainage features pay little attention to the structural conditions, 
because of the steep grades of the stream channels and consequent rapid erosion. Never- 
theless small lateral canyons have been formed along the fault contact of the gravels 
with the crystalline rocks of the higher portion of the San Bernardino Range, so that from 
the proper viewpoint the fault line can generally be traced in the topography. The 
drainage of Potato Canyon is clearly influenced by the fault, for instead of there being one 
stream course in it, there are two — one u{)on each side. 

A mile southeast of Oak Glen, which is at the he.ad of Potato Canyon, there are large 
springs which issue upon the line of the fault. Near this point a depression appears upon 
a gravel ridge, where it meets the cr3r8tallinc rocks. The depression is in line with the 
course of the fault, and may with reason be attributed to dislocations similar to those so 



46 


BEPOBT OF THE CALIFOBNIA EABTHQUAKE COMMISSION. 


clear farther north. Two miles southeast of Oak Glen Is Fine Bench, a mesarlike remnant 
of gravel having an elevation of about 5,000 feet. At the northern edge of this mesa, 
and upon the line of the fault, there is a regular escarpment facing the higher mountains. 
It is most reasonable to interpret this as indication of the same displacement referred 
to previously. 

To the east of the San Gorgonio River, the topography as shown upon the San Gorgonio 
quadrangle gives little indication of the presence of an important fault-line. However, 
an examination of Potrero Creek shows small transverse canyons and one broad, grassy 
flat with springs upon the line of the fault. In Stubby Canyon and other small canyons 
north of Cabazon Station, the fault is finely shown. Here, as at the point where the Santa 
Ana River issues from the mountains, the older Pleistocene gravels have been faulted 
down against the crystalline rocks. Rapid erosion of both the Pleistocene deposits and 
the crystalline rocks has given rise to steep and precipitous slopes in this section, and 
upon these the fault is clearly shown. The schists and gneisses thru a width of hundreds 
of feet adjoining the fault have been so crusht by pressure and movement that they quickly 
crumble upon exposure. Dark clay marks the plane of movement which inclines to the 
north at an angle of about 80 degrees. Later than the period of main faulting has come 
an elevation of the range as a whole, giving rise to rapid erosion upon both sides of the 
line of fracture. Remnants of gravel mesas and mature topographic forms appear in 
places. A notable example of an area of old topographic features now being destroyed 
by the modem canyons is shown to the west of Stubby Canyon and 1,000 feet above it. 

There are traces here and there of recent displacements along the Rift. These are 
of the nature of little sags without outlets and low ridges or escarpments not easily 
explainable as a product of ordinary erosion. These may have arisen as the product of 
landslides, but the landslides themselves arc doubtless related to fault movements. The 
great debris fans built up along the north side of San Gorgonio Pass indicate rapid 
removal of a vast amount of rock material from the adjoining slopes of the San 
Bernardino Range consequent upon recent uplift. 

Before investigating this region it was thought that the Rift, if it continued on south- 
easterly, would be found crossing the San Gorgonio Pass in the neighborhood of Cabazon 
and skirting the eastern base of the San Jacinto Range; but this proved not to be the 
case. Instead, it was found to turn more and more easterly and finally to extend parallel 
with the pass without reaching it. The course of the Rift, then, instead of being in the 
direction of the Salton Sink, is toward the Conchilla Desert north of Palm Spring Station. 

Looking east from a point near the mouth of Stubby Canyon, the gravel mesa thru 
which the Whitewater River issues from the mountains, appears to be faulted upward, 
giving rise to a well-defined escarpment facing north toward the crystalline rocks. This 
northward facing escarpment accords in relative position with the traces of escarpments 
farther north near Oak Glen, and shows that the latest displacement has been the reverse 
of the earlier. The last seen of the Rift is in the sides of the Whitewater Canyon, where 
the gravels are faulted down against the crystallines. East of the Wlxitewater one enters 
upon the Conchilla Desert over which has been spread the wash of Mission Creek. For a 
distance of 6 or 8 miles, and perhaps much more, the bedrock is completely buried by 
the recent accumulations. 

The San Bernardino Range rapidly decreases in height to the southeast of Mission Creek, 
but appears to be continuous with the desert range lying north of the Salton Basin. The 
latter range of crystalline rocks appears to be separated from the lowlands of the basin by 
a more or less continuous line of barren yellow lulls formed of soft late Tertiary rocks. 
Jud^ng from a cursory examination, these yellow hills arc separated from the higher 
moxmtains behind by a structural break indicated by a series of longitudinal valleys. 
A prolongation in a northwesterly direction of the supposed fault line indicated by these 
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valleys would carry it into the San Bernardino Range at the point where Mission Greek 
emerges upon the wash plain. Continuing still farther northwest, we follow a marked 
topographic break which leads across the southern slope of San Gorgonio Peak to the 
head of Mill Creek. It is very probable that the great fault followed so far joins the 
above fault-line at some point easterly from Palm Spring Station, altho the many miles 
of gravel-covered desert makes a positive statement impossible with present knowledge. 

An exa mi nation of the northerly and easterly base of San Jacinto shows conditions 
opposite to those characterizing the southern slope of the San Bernardino Range. Ero- 
sion is generally slow upon the slopes of San Jacinto, while the rapid erosion from the 
opposite side of San Gorgonio Pass has crowded the stream Channels close to the base of 
the former range. In fact, the base of the San Jacinto Range appears to be deeply buried 
by the stream deposits. The desert face of San Jacinto has long been free from disturb- 
ances. Long, jagged ridges project out into the desert, while the intervening canyons, 
instead of furnishing material for extensive d4bris fans, are floored by accumulations 
characteristic of the desert as a whole. 

Toward the southern end of that spur of the San Jacinto Mountains which projects into 
the Colorado Desert and is known as the Santa Rosa Mountains, the d4bris fans arc larger 
and remains of gravel deposits appear high up on the sides of the mountains. The only 
suggestion that a fault traverses the Salton Basin in the direction of the mouth of the 
Colorado is the presence of mud volcanoes and several small pumiceous eruptions near 
the center of the basin. These are, however, so far removed from any known fractures 
in the crust that their evidence is of little value. Be.sidcR, it is entirely possible that the 
mud volcanoes may be due to chemical action in the deeply buried sediments of the Colo- 
rado delta. 

It may be reasonably assumed, then, from our best knowledge, that the southijrn end 
of the great Rift is to bo traced for an unknown distance along the base of the mountains 
bordering the Salton Basin upon the northeast, in all probability gradually dying out. 

SAN JACINTO FAULT. 

The San Jacinto fault (plate 30), with which there has been associated at least one 
severe earthquake since the region has Ixjen known, has a length of at least 75 miles. 
The course of the fault is northwest and southeast, and it is marked by canyons or steep 
mountain scarps nearly its whole length. The fault first appears upon the south in the 
form of a regular mountain wall inclosing the north end of Borego Valley. The latter 
is a western arm of the Colorado Desert lying between the Santa Rosa Mountains and the 
main watershed of the Peninsular Range. At the northern end of Borego Valley beds 
of late Tertiary age appear faulted down uix)n the southwest side of the mountain wall 
referred to. The peculiar topographic features of this fault-block ridge, and the presence 
of gravels along portions of its summit, make it appear of recent origin. Northwcist of 
Borego Valley the canyons entering Coyote Creek have* brought down immense quantities 
of rock debris, a fact which indicates recent disturbance along their headwaters. Ter- 
williger Valley includes a broad expanse of country of low relief upon the summit of the 
range between San Jacinto and Borego Valley. A portion of the valley is scarcely drained 
at present, having apparently undergone some subsidence next to the fault-line which 
forms the southern faee of Mount Thomas. 

In a northwesterly direction, the fault can be traced in continuous mountain scarp 
or canyon until within about 8 miles of the town of San Jacinto. A broad valley inter- 
venes until we get north of the town, when a mountain wall commences again, and extends 
for many miles in the direction of Colton. Reports state that the San Jacinto earthquake 
of 1899 was most severe along the line of the fault thus traced. Great masses of rock arc 
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reported to have been thrown down in Palm Canyon, which issues from San Ysidro Moun- 
tain. Ten miles southeast of San Jacinto, on the line of the fault, it is said that a con- 
siderable area of land sank with formation of open fissures. Upon the Coahuila Indian 
Reservation, adobe buildings were thrown down and much damage was done in the 
town of San Jacinto. 

The regular mountain wall facing southwest and extending northwest from San Jacinto 
appears to be older than that toward the southern end of the fault. Mineral springs 
occur near or on this line, and the marshy area at the point where the San Jacinto River 
ceases following this fault-scarp and turns toward the southwest suggests very strongly a 
subsidence. 


REVIEW OF SAUENT FEATURES. 

It will be of advantage briefly to review the salient features of the San Andreas Rift, 
in the light of the facts presented in the foregoing detailed description of its extent and 
character, and of other facts to which attention will be directed. 

The San Andreas Rift has been traced with three interruptions from a point in Hum- 
boldt County, between Point Dolgada and Punta Gorda, to the north end of the Colorado 
Desert, a distance of over 600 miles. These three interruptions are : The stretch betwe<in 
Shelter Cove and the mouth of Alder Creek, where for a distance of about 72 statute miles 
it traverses the bottom of the Pacific Ocean ; the stretch from the vicinity of Fort Ross 
to Bodega Head, where for 13 miles it is similarly on the ocean bottom ; and the stretch 
from Bolinas Lagoon to Mussel Rock, where it lies beneath the Gulf of the Farallones for 
about 19 miles. Of these interruptions only the first involves any doubt as to the con- 
tinuity of the feature, and this doubt is in large measure removed by the evidence cited 
hereafter as to the position of the trace of the fault of April 18, 1906. 

Thruout its extent the Rift presents a variable relation to the major geomorphic fea- 
tures of the region traversed by it. In Humboldt County it lies within the mountainous 
tract inland from the coast but to the seaward side of the higher land. From Shelter 
Cove to Alder Creek it lies to the west of a steep, terraced, coastal slope. From Alder 
Creek to Fort Rosa, it finds its expression in a series of rectilinear, sharply incised valleys, 
the alinement of which converges upon the coast line to the south at a very acute angle. 
But near Fort Ross the Rift, without deviation of its general trend, crosses the divide 
to the coastal side of the ridge which separates these valleys from the ocean, and traverses 
the terraced coastal slope. Beyond Fort Ross it again lies to the west of a steep coastal 
slope. From Bodega Head to Bolinas Lagoon the Rift is a remarkably pronounced 
depression, lying between the main coastal slope and the rather high and precipitous 
easterly side of the Point Reyes Peninsula. About 0.6 of this depression is below sea- 
level, forming Tomales and Bodega Bays. This defile is one of the most remarkable and 
interesting phases of the Rift. It has been a line of repeated faulting in p&st geological 
time, and evidently separates a well-marked and probably relatively mobile crustal 
block from the main continental land mass. 

South of Mussel Rock the Rift traverses for a few miles a rolling ujJand, marked by 
ponds and old scarps, but with no very marked contrast in relief, and then passes into 
the very marked and rectilinear San Andreas Valley, along the base of the northeast flank 
of the Santa Cruz Range. From here to the gap at Wright Station it lies along the base 
of the range at a distance nowhere greater than 2 miles from the crest. Passing thru the 
gap at Wright, it crosses from the northeast flank of the range to the southwest flank. 
Similarly passing thru the gap between the Santa Cruz and Gavilan Ranges at Chitten- 
den, it is again found on the northeast flank of the latter. In effecting this last-mentioned 
change of position relatively to the mountain crests, a distinct deviation in the trend of 
the Rift is observable (see map No. 5) as if the path of the Rift accommodated itself to 
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the mass of the mountain blocks. Farther south, near Bitterwater, the Rift leaves the 
northeast flank of the Gavilan, and lies along the southwest base of a straight ridge of the 
Mount Hamilton Range. Still farther south in Cholamc Valley it follows the northeast 
base of the ridge which separates Cholame Valley from San Juan Valley. In the Carissa 
Plain it hugs the southwest hank of the Temblor Range. But the most noticeable rever- 
sal of the relative position of the Rift to the adjacent mountain slopes is beyond Tejon 
Pass. From Tejon Pass to near Cajon Pass, the Rift lies along the steep northerly flank 
of the San Rafael and San Gabriel Ranges, on the southern edge of Mojave Desert ; but 
at Cajon Pass it passes thru between the San Gabriel and San Bernardino Ranges, and 
thence easterly lies on the south side of the latter range. Thus from the San Francisco 
Peninsula to its southern end, so far as the extent of the Rift is at present known, there is 
a fairly regular and rather remarkable alternation of the relative positions of the Rift 
and the mountains adjacent to it. 

The Rift as a whole, when plotted upon a general map of the state on a scale of about 
appears as a sensibly even line with marked curvature, convex toward the 
Pacific. This curvature is for the most part due to change in the course of the Rift be- 
tween the southern en<l of Carissa Plain and Tejon Pass. In this segment of its course its 
trend changes from alxnit S. 40° E., along the edge of CarLssa Plain to S. 0.')° to 70° E., 
along the southern edge of the Mojave Desert, the change being gradual and distributed 
over an arc about 40 miles in length. The general curvature is also accentuated by tlu! 
change in course between Point Arena and Shelter Cove, on the assumption of continuity 
between these points. If, however, we take the segment of the Rift between Point Arena 
and the south end of Carissa Plain, the curvature is very much less marked ; and its path 
on the small scale map referred to approximates a straight line. The curvature is dis- 
tinct, however, and, as in the general case, is convex to the Pacific. The chord of the arc 
found by stretching a line from the south end of Carissa Plain to the mouth of Alder 
Creek has a bearing of about N. 40° W. and a length of about 300 miles. The point on 
the arc most distant from this chord is on a normal to the latter thru San Jose, the 
distance Ixsing about 15 miles. 

When the Rift is plotted on larger scale maps (see maps Nos. 2, 4, 5, 21, and 23), it 
iMJComes apparent that the course of the Rift is not a smooth uniform curve, but is charac- 
terized by several minor curvatures in opjx)sing directions. In locating these curves, 
advantage is taken of the fault-trace, as far as it extends, as a sharp line within the Rift 
indicating its moan trend at any point on its course. These curvatures are most interest- 
ing features on a line of diastrupliic movement, where that movement may 1)C, as it was 
on April 18, lOOti, essentially horizontal on a nearly vertical plane or zone. 

The mrwt northerly curvature susceptible of m(;as»ireraent is that shown by the seg- 
ment of the Rift betw(!en the mouth of Alder Q’eek and Fort Ross. The line connecting 
the two ends of this s((gment, at the jxjints where it int(‘rseets the shore line, is a little 
more than 43 miles in length, and has a bearing N. 37° W. The Rift, as locaknl for this 
purpose by the fault-trace, lies wholly on the southwest side of this chord. The bearing 
of the fault-trace at tlu; mouth of Alder Crcick, where it converges upon the chord, is 
N. 30° W., and at Fort Ross its bearing is N. 40° W. Tim fault-trace is at its maximum 
distarux! from the chord about the middle of this scigment, the distance being almut 0.75 
mile, and here the bearing of the Rift is sensibly the same as that of the chord, N. 37° W. 
Between Fort Ross and Bodega Head, where the Rift passes under the Pacific, there is 
probably a slight reversal of this curvatm"e ; since, if the course of the fault-trace at Fort 
Ross were continued, even as a straight line, it would pass to the eastward of the point 
where it actually intersects the neck of the headland. This slight concavity to the south- 
west probably extends as far as the mouth of Tomales Bay. From Bodega Head south 
thru Tomales Bay to Bolinas Bay, the course of the Rift as a large geomorphic feature is 
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practically straight, with a bearing of N. 37** W., for 35 miles; but there are slight curva- 
tures in the fault-trace within the Rift. For example, the fault-trace, in its path thru 
Tomales Bay, must be slightly convex to the southwest to clear the little headlands on 
the northeast side of the bay, as it apparently does. There is a similar slight con- 
vexity to the southwest between the head of Tomales Bay and Bolinas Bay. The com- 
plementary concavity between these two convexities is near the head of Tomales Bay. 

Between Mussel Bock and San Andreas dam, the fault-trace has a slight concavity 
to the southwest. The projection of its course seaward from Mussel Rock would 
not meet the southward projection of the fault-trace from Bolinas. There can be little 
question as to the continuity of the fault-trace across the Gulf of the Farallones; and its 
path on the bottom of the Gulf must, therefore, take the form of a very flat sigmoid curve, 
with a slight concavity to the southwest in the Bolinas moiety of the submarine segment 
and a corresponding convexity at the Mussel Rock end. Between San Andreas dam and 
Chittenden, the fault-trace indicates a pronoimced curvature in the general trend of the 
Rift. The chord between these two points is about 55 miles in length and bears N. 44° 
W. The fault-trace lies wholly to the southwest of this line, with convexity toward the 
Pacifle. The point on the curve most distant from the chord is about its middle part, 
the distance being about 2.25 miles. On this segment of the Rift there is locally a rather 
abrupt reversal of the curve, south of Black Mountain, which is best seen on map No. 22. 

Between Chittenden and a point near Priest Valley there is another pronounced curva- 
ture in the general course of the Rift, where it passes over to the northeast flank of the 
Gavilan Range. Here the curvature is concave toward the southwest. The chord is 
60 miles long, and bears, as before, N. 44° W., and the Rift lies wholly on the northeast 
side. The point on it most distant from the chord is near the middle of the segment, 
and the distance is 2.4 miles. From Priest Valley to the south end of Carissa Plain, the Rift 
is nearly straight, but with minor curvatures which can not be more particularly defined, 
owing to the absence of good maps. The general bearing for this segment is about 
N. 40° W. 

The marked exuwature between the south end of Carissa Plain and Tejon Pass has 
already been noted. From the latter place to the north end of the Colorado Desert, beyond 
which the Rift has not been traced, there are numerous curvatures in the course of the 
Rift; but since the Rift for this segment is indicated on maps Nos. 6 to 15 on a scale of 
1 or 2 miles to the inch, it will be unnecessary to do more than refer to these maps for 
their characterization. The general course of the Rift in this region is a flat curve con- 
cave to the south-southwest. 

It thus appears that the Rift, as a whole, has a curved course convex to the Pacific ; 
and that this general curvature is characterized by a succession of slightly curved, rather 
than straight, segments. The amount of the curvature, as it appears upon the maps, is 
determined to some slight extent by the character of the projection. But the general 
conclusion above reached without quantitative expression is independent of the projection 
adopted for the maps. 

A most interesting general feature of the Rift is in relation to the granitic rocks of the 
Coast Ranges. The granites of the southern Sierra Nevada pass into the Coast Ranges 
in the vicinity of Tejon Pass, and extend thence in a series of more or less elongated but 
discrete areas thru the Santa Lucia, Gavilan, and Santa Cruz Ranges, and beyond the 
Golden Gate to Point Reyes Peninsula and Bodega Head. From the southern end of 
Carissa Plain to Bodega Head, this granite lies wholly to the southwest of the Rift. 
At one point in the Rift, however, in Nelson Canyon, Fairbanks has found the granite 
exposed on the northeast side of an old fault having a downthrow on the southwest. 
Southward it passes into a re^on where granitic rocks prevail on both sides of the Rift. 
The Rift in the Coast Ranges thus appears to serve as a line of demarkation between two 
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somewhat contrasted geolo^cal provinces; one in which granitic rocks are extensive and 
important features, and the other in which granitic terranes are wanting. This fact 
further suggests that the two provinces will be found to be contrasted in other respects 
when the details of the Coast Range geology are better known. The general fact is indic- 
ative of relatively greater uplift on the southwest side of the Rift, and consequently 
deeper denudation, whereby the rocks of the granitic complex have been stript of their 
covering and so exposed to view. In that portion of the Coast Ranges south of the Bay 
of Monterey, the Santa Lucia Range along the coast is much higher than any of the other 
ranges which intervene between it and the great valley. 

In a discussion of the Rift as a gcomorphic feature, it becomes a matter of interest to 
determine the relative importance of diastrophism and erosion in its evolution. There 
can be no doubt that where the Rift is coincident with pronounced longitudinal valleys, 
the latter, altho controlled as to orientation by the faulting along the Rift, owe their 
features in a large measure to erosion. This is true, for example, of the valleys of the 
Garcia and Gualala Rivers and the San Andreas Valley. It is not so clear, however, as 
regards the depression between Point Reyes Peninsula and the mainland. It has been 
pointed out that in past geological time there has been a recurrence of faults with large 
vertical displacement on this portion of the Rift, dating back to pre-Miocene time and 
possibly to the Cretaceous; and it may be that here the depression is essentially dias- 
trophic in origin and only modified to a minor degree by erosion; similarly with some of 
the valleys along the Rift, and extending from it in the Southern Coast Ranges. The 
Cholamc Valley and the valley of Carissa Plain may be essentially diastrophic in origin, 
modified by erosional degradation on their sides and by aggradation of their bottoms. 
The depressions which constitute the Rift along the southern margin of Mojave Desert 
appear to be practically wholly diastrophic, altho somewhat aggraded. Where the Rift 
hugs the steep northeast flank of the Santa Cruz Range as far as Wright Station, and the 
similarly steep southwest flank of the same range from Wright to Chittenden, it is difficult 
to avoid the conclusion that these steep mountain flanks are in reality degraded fault- 
scarps, and are, therefore, the walls projjer of a great asymmetric Rift valley. The same 
conclusion applies to the steep north flank of the San Rafael and San Gabriel Ranges, on 
the south side of Mojave Desert. The complete discrimination of effects of diastrophism 
and erosion in the larger features of the relief associated with the Rift will require many 
years of patient field work. 

With regard to the minor features which characterize the Rift in detail, thruout its 
extent, the discrimination is less difficult cliicfly because the diastrophic effects arc of 
comparatively rticent date and their distinctive features are not yet obliterated by the 
ravages of erosion. These consist chiefly of scarps, low ridges, and sinks or ponds. 
In many cases it is apparent that both erosion and aggradation arc controlled by these 
minor features, and that the latter tend to become obliterated. These minor scarps, 
ridges, and sinks arc not referable to any single earth-movement, but are referable to 
a recurrence of movement on the same general line. In the southern Cbast Ranges the 
observations of Fairbanks show that one of these movements was of exceptional impor- 
tance. By it displacements and disturbances of the surface were effected which dwarf 
all similar events in historic times. For miles at a stretch the earth, upon one side or 
the other of the fault line, sank, giving rise to basins and to cliffs 300 to 400 feet high. 
These features, in the opinion of Fairbanks, who personally examined them, were the 
result of one movement. This displacement probably occurred not less than 1,000 years 
ago. It is certainly older than the great trees growing upon the ridges and hollows 
formed by it. Since then it is probable that numerous displacements of less extent have 
taken place, but the geomorphic effects of the smaller movements have, in some consider- 
able measure, been effaced. Since the settlement of the state, the strain in the earth’s 
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crust has continued to manifest itself, and several slight movements have been observed 
by residents of the country. In 1857 there was a movement extending from San Benito 
County probably as far as San Bernardino Valley. The eartluiuake caused by this 
movement was not less severe than that of 1906, but we have unfortunately no measure 
of the extent or direction of the displacement. In this southern region described by 
Fairbanks, the displacitments, even from the first, do not appear to have been of such a 
nature as to give rise to a continuous cliff or scarp upon either side of the fault; and this 
observation is generally true thruout the Ilift. In one place the scarp faces southwest, 
in another northeast. In other places the vertical displacement has been very small 
and the scarps correspondingly insignificant. In several places, as, for example, at Fort 
Ross and between Mussel Rock and San Andreas Lake, displacements have occurred on 
subparallel linos, giving rise to opposing scarps, as if a wedge of gi'uund, perhaps several 
hundred feet across, had dropt in. In such depressions lie the sinks ; but the latter are 
more commonly formed by a low scarp facing up a slope, or by a ridge of surface com- 
pression formed across the path of the drainage from a slope. They have also been formed 
by landslides, which have shown little tendency to move save under seismic impulse. 

It remains to call attention, in a word, to the alinement of the Rift with certain of the 
larger continental features. The Rift is known from Humboldt County to the north 
end of the Colorado Desert. As a line of small displacements it has not been traced 
farther; and in the usage of the term it has been understood as terminating at the point 
where it eluded field observation. But it is by no means certain that, as a larger feature, 
it docs not extend far to the south. The Colorado Desert and its continuation in the 
Gulf of California are certainly diastrophic depressions, and may with much plausibility 
be regarded as a great Rift valley of even greater magnitude than the now famous African 
prototype first recognized by Buess. This great depression lies Ixstwecn the Peninsula 
of Lower California and the Mexican Plateau. All three of these features find their 
counterpart in southern Mexico. The Sierra Madre del Sur is the analogue of the penin- 
sular ridge ; it lies on the line of its prolongation, and is similarly constitutcid geologically. 
Inside of this range, and between it and the edge of the Mexican Plateau, is a pronounced 
valley system which is the analogue of the Gulf of California. 

On this valley-line lies the deprest region alx)ut Salina Cruz, w(‘ll known to Ix' subject 
to repeated seismic disturbances. On the same general line lies Chilpancingo, the seat 
of the recent disastrous Mexican earthquake. Following these great structural lines 
southward, they take on a niore and more latitudinal trend; and beyond Salina Cruz 
the geological structure indicates that this seismic belt crosses the state of Chiapas and 
Guatemala, to the Atlantic side of Central America with an east and west trend, and 
falls into alinement with Jamaica. It thus seems not improbable that the three great 
earthquakes of California, Chilpancingo, and Jamaica may be on the same seismic line 
which is known in California as the San Andreas Rift. 
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THE FAULT-TRACE. 

The successive movements which in the past have given rise to the peculiar geomorphic 
features of the Rift, cither directly or by control of erosion, have with little question 
been attended in every (;asc by an earthquake of greater or less violence. The earth- 
quake of April 18, 1906, was due to a recurrence of movement along this line. The 
movement on that day was of the nature of a horizontal disi)lacement on an approxi- 
mately vertical fault plane or zone, whereby the country on the southwest side was 
moved to the northwest and the country on the northeast side to the southeast. This 
displacement was manifested at the surface by the dislocation and offsetting of fcnc(\s, 
roads, dams, bridges, railways, tunnels, pipes, and other structures which crost the line 
of the fault. The surface of the ground was torn and heaved in furrow-like ridges. 
Where the surface consisted of grass sward, this was usually found to be traversed by 
a network of rupture lines diagonal in their orientation to the general trend of the fault. 
Small streams flowing transverse to the line of the fault had their trenches dislocated 
so that their waters became impounded. These and similar phenomena of disruption 
constitute the favlHrace, 

The width of the zone of surface rupturing varied usually from a few feet up to 50 feet 
or more. Not uncommonly there were auxiliary cracks either branching from the main 
fault-trace obliquely for a few hundn^d feet or yards, or lying subparallcl to it and not, 
so far as disturbance of the soil indicated, directly connected with it. Where these 
auxiliary cracks were features of the fault-trace, the zone of surface disturballC(^ which 
included them frequently had a width of several hundred feet. The displacement appears 
thus not always to have been confined to a single line of rupture, but to have been dis- 
tributed over a zone of varying width. Generally, however, the great(T i)art of the 
dislocation within this zone was confined to the main lino of rupture, usually marked by 
a narrow ridge of heaved and torn sod. 

The amount of the horizontal displacement, as measured on dislocated fences, roads, 
etc., at numerous points along the fault-trace, was commonly from 8 to 15 fe(»,t. In some 
places it exceeded this and at one place it was as much as 21 feet. Toward the south 
end of the fault the amount of displacement was notably less and finally became inap- 
preciable. Nearly all attempts at tin; measunmient of the displacc^iiKuit wcto concerned 
with horizontal offs(5ts on fences, roads, and other surfac^e structures at the point of tlu'ir 
intersection by the principal rupture plane, and ignore for the most part any displace- 
m(mt that may be distributed on cither side of this in the zone of movement. The 
figures thus obtaiiK^d may, therefore, in geiK'ral be considered as representing a minimum 
for the amount of differential movement. In one or two cases, however, when the dis- 
placement has been measured on soft ground subject to slumping, and the measured 
offset is higher than usual, the results may be in excess of the true crustal displacement. 

Besides this horizontal displacement of the crust, there was also, particularly in the 
region north of the Golden Gate, a distinct uplift of the country to the southwest of the 
Rift, relativdy to that on the northeast. This differential vertical movement was made 
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manifest by the appearance of low, abrupt fault-scarps, ranging from less than a foot up 
to 3 feet. Many of these occurred along the slope of somewhat degraded fault-scarps 
due to former movements, and served to revivify them. In other cases the new scarps 
have been developed on slopes where no trace of a previous scarp can be detected. The 
low scarp which was formed on April 18 is by no means a continuous feature, but appears 
at a great many places not widely spaced along the fault-trace, extending often for hun- 
dreds of yards at a stretch, with intervals where no abrupt scarp can be detected. In 
the latter places it is probable that the differential vertical movement has been distributed 
over a zone of some width, underlain by formations in which the deeper seated fracture 
would be taken up by plastic deformation. The scarp almost invariably faces the north- 
east, but a few cases have been noted in which a fresh scarp on the fault-trace faced the 
southwest for a short distance. These will be mentioned more particularly in the detailed 
descriptions which follow. Associated with the fault-trace, it is quite common to find 
secondary or induced movements of the soil, particularly on steep slopes. These partake 
of the nature of landslides, and very commonly exhibit the characteristic landslide scarp. 
This is usually, however, easy to distinguish from the scarp on the fault proper, or on the 
auxiliary crac^, since it lacks evidence of horizontal displacement, and the broken sod 
is not traversed by diagonal, torsional cracks. 

The differential displacement of the earth’s crust above indicated occurred only on 
the northern portion of the Rift. South of San Juan, in Benito County, there is no indi- 
cation along the Rift in the shape of rupture of the soil, or the dislocation of transverse 
structures, which points to the displacement of the underlying formations. It is not, 
however, to be certainly inferred from this that there was no deep-seated rupture south 
of that point. Many earthquakes are known which arc referable to sudden slips in the 
earth’s crust for which there is no corresponding rupture at the surface. It is probable 
that the slip, which is so manifest as a surface rupture to the north of San Juan, was 
continued as a subsurface movement for many miles south of that point. 

North of San Juan the displacement on the fault-trace has been followed practically 
continuously to a point on the northern coast of California a little beyond Point Arena, 
a distance of 190 miles. At this point the fault-trace as a continuous feature passes out 
to sea, and the evidence of displacement is lost. At Shelter Cove, in southern Humboldt 
County, however, where as previously stated the Rift features appear again, evidence of 
displacement due to movement on April 18 is also found. The doubt as to whether 
the Rift in Humboldt County is continuous with that which leaves the coast near Point 
Arena, of course also applies to the question of the continuity of the rupture on the day 
of the earthquake. If we assume that the line of rupture is continuous thruout, then its 
full extent from San Juan to Telegraph Hill is about 270 miles. 

Beginning with southern Humboldt County, a somewhat detailed account will now be 
given of the phenomena of the displacement which occurred on April 18, 1906. 


HUMBOLDT COUNTT. 

We are indebted to the observations of Mr. F. E. Matthes for our knowledge of the 
facts concerning the portion of the coast from Shelter Cove northward. The low 
headland north of Shelter Cove, known as Point Delgada, is traversed by several fissures 
trending roughly parallel with the general sweep of the coast and presenting essentially 
the same surface appearance as the fault fractures observed in Sonoma and Mendocino 
Counties. While it has been found impracticable to demonstrate by actual measurement 
the existence of a horizontal displacement along any of these new fissures — in the 
absence of fences or other objects of sufficiently defined outline — yet it has seemed 
warranted to regard them as true fault or shear fractures, to be classed in the same 
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category with those found farther south, merely on the strength of their superficial 
resemblance. 

The effects of a horizontal shear on thick grass sod in open country, as observed in a 
number of localities along the zone of faulting in Sonoma and Mendocino Counties, are 
as follows: On fairly level ground, where conditions are simplest and no vertical move- 
ment is evident, the sod is tom and broken into irregular flakes, twisted out of place and 
often thrust up against or over each other. The surface is thus disturbed over a narrow 
belt, whose width apparently varies with the magnitude of the displacement. Along 
the main fault, where the throw amounts to 10 feet or more^ a width of 5 or 6 feet is not 
uncommon; on the secondary fractures, where the throw does not exceed a foot, the Ixdt 
is generally only a foot wide. Whatever the width of the belt, the sod within it, as well 
as the unconsolidated material underneath, appears loosened up and not compact. It 
consequently takes up more space than before it was disturbed, and the surface of the 
belt is therefore slightly raised above the level of the ground, from an inch to a foot or 
more, according to the magnitude of the disturbance. Within such a belt there is sel- 
dom, if ever, a well-defined, continuous, longitudinal crack, the toughness of the sod 
precluding a clean shear fracture. Rather, there is a marked predominance of diagonal 
fractures resulting from tensile stresses. 

To sum up, a horizontal displacement produces and may therefore be recognized in 
grassy country by a fault-trace showing: 

1. The disturbance of the sod over a narrow belt. 

2. The generally raised surface of this belt. 

3. The absence of a single continuous, longitudinal crack. 

4. The tearing of the sod along numerous diagonal fractures. 

5. The twisting and thrusting of sod flakes against and over each other. 

It was mainly by the aid of these criteria that the fault lines in the vicinity of Shelter 
Cove were determined as fault or shear fractures, distinct from the innumerable cracks 
due to the settling of earth masses consequent upon the jar of the disturbance. In 
practically all of these the sod had been ruptured by mere tension, or tension accompanied 
by more or less vertical shearing. Furthermore, as will presently appear, the location 
of the fault fractures was in many instances facilitatwl by their association with the 
characteristic fault topography observed all along the line. 

What appears to be the main fault-trace was first observed in the bottom of Wood 
Gulch, where it runs immediately along the wagon road for a hundred feet or more. It 
was thence traced south to its southern terminus on the beach of Shelter Cov(!, and 
then north across Humlwldt Creek up Telegraph Hill. Subsciqucntly several apparently 
detached lines of a similar character were dLscovered in the neighlrorhoocl of the main 
fault, as shown on the sketch map. Reginning at the south end, this line may be traced 
as follows : 

On the beach of Shelter Cove, 100 yards west of the frame hut of Snider (at the mouth 
of Deadman Gulch), the fault pas.scs thru the bluffs obscured by dislocated masses of 
dark conglomerates. From the top of the escarpment, however, it is easily traced for 
some distance down. The approximate contour map of the fault (fig. 10) sufficiently 
describes the topography here. A notable feature is a small elongated pond on the 
steep hillside, walled in by a small ridge. Thru this the fault-trace passes longitudinally. 
Continuing north, the line remains cast of the upper valley of Wood Gulch until it joins 
the wagon road in the bottom. The line is by no means straight, as the bearings on the 
map indicate. A pronounced angle in its course exists at A (fig. 10), and the coincidence 
in this change of azimuth with the abrupt topographic change at this point is strongly 
suggestive of a hade to the west. Near the loop in the road at B the fault is easily recog- 
nized, except where the road has been repaired. The fault-trace here passes thru a 
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characteristic little gap or saddle (plate 31a), and south of B follows closely an old fault 
line, with a slight upthrow on the west. North of the road the fault-trace follows a 
ravine for some distance, then passes along the west side of a low ridge, as indicated in 
the contouring, and finally drops down to Humboldt Creek. Thence it ascends the 

south slope of Telegraph Hill, 
following for a considerable 
distance a characteristic fault 
feature on the steep brushy 
spurs indicated in plate 31d. 
Immediately south of the 
summit of Telegraph Hill the 
disturbance is the most pro- 
nounced, being accompanied 
apparently by an upthrow on 
the west side, resulting in a 
sharp-crested ridge some 4 feet 
high. It is possible, however, 
that this ridge is not the result 
of the recent disturbance, but 
of a former one, modihiHl into 
a more acute form by the shak- 
ing off of the sod. (See plate 
31c.) From the summit of 
Telegraph Hill a bearing was 
taken over the entire length 
of the line down to Shelter 
Cove: N. 25® W. Projecting 
the line north from the hill on 
the azimuth, it appears to 
head for a number of high 
mountains of the King’s Peak 
Range, altho no visible traces 
of the disturbance arc found 
north of Telegraph Hill. Im- 
mcdiatcily north of its crest is 
the upper end of a great hop- 
per-like landslide, clean swept 
for over a thousand feet. 
The fault-trace is entirely ob- 
literated by this slide. The 
exact lo(!ation of the fault 
north of Telegraph Hill was 
not ascertained. Under the 
impression that it past close to King’s Peak an asec'nt of this mountain was made, 
but without result. 

Of the auxiliary cracks, the first one, C (.see fig. 11), is a less pronounced disturbance 
than the main fault-trace, passing thru a depression bordered on its east side by a low 
scarp due to former faulting. A small pond encircled by the road lies on this fault-trace. 
Its bearing (not measured) is such as to make the line converge toward the main fault- 
trace and intersect the same in the vicinity of the pond in the Ixrttom of Wood Gulch. 
The horizontal displacement along this line is probably small, much like that on the 



Fia. 10. — Map of country traversed by fault to north of 
Shelter Cove, IlHinholdt County. 
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auxiliary fault cracks accompanying the main fault-trace in Sonoma and Mendocino 
Counties, which it greatly resembles in surface characteristics. Another line of some prom- 
inence was discovered near the mouths of Humboldt Creek and Wood Gulch. As fig. 11 
indicates, this fault-trace, D, follows for some distance along Wood Gulch, then crosses 
over to the little gorge of Humboldt Creek (plate 31b), which it follows out to its mouth. 
The divide at D has a marked depression along the line of faulting. The fence cross- 



Fio. 11. — Map of country north of Shelter Cove, Humboldt County, showing 
auxiliary faults in relation to main fault. 


ing it shovrs no signs of horizontal shifting. It was not learned whether or not it has 
been repaired since the quake. Tracing it to the south up over the grassy hills, it is 
found to disappear somewhere near the head of the little gulch shown on the map. A 
third line was found along the wagon road at E, following an old fault ridge descend- 
ing the hillside on a slant. Its probable connection with the C line suggests itself. 

In search of the north end of the fault, the following itinerary was made: From Tele- 
graph Hill northeast to the old ridge road, to Albert Boots’ ranch, thence up King’s 
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Peak and its sister peak to the north; thence to Upper Mattole and Petrolia, via the 
stage road; from Petrolia north across the North Fork of the Mattole River, and along 
the same over the high terraces to the north branch of the North Fork; also westward 
over the hills, north of the river, to the summit of the last hill next to the coast, and 
back along the river; from Petrolia south to the bridge, and up the hills south of the 
town to the top of the great slide existing there; south to Cummings’ ranch; and thence 
across Cooskie Range, between Squaw Creek, Spanish Creek, and Cooskic Creek. It was 
on the high bald spurs between Cooskie, Randall, and Spanish Creeks, close to the coast, 
that old Rift topography was for the first time encountered in this district. Several 
small ponds and ridges are found both on the spurs and close to their bases next to the 
beach. No sign, however, of a fresh disturbance could be found here. 

Finally, an excursion up the coast to Cooskic Creek and then south along the beach 
to Shelter Cove served to encompass the entire area under investigation. A short side 
trip was made up the creek flowing from King’s Peak, but nothing definite could be 
learned regarding the location of the fault. South from Hadley’s ranch at Big Flat, 
the precipitous mountain slopes have been destroyed by extensive and high landslides, 
the dislocated materials of which have frequently advanced out upon the l)each in the 
form of glacier-like tongues. The waves at high tide have since nipt these protruding 
masses and truncated them at their ends. Many of the slides occurred apparently on 
the sites of older ones. Their continuity and extent made the discovery of the fault in 
this neighborhood impracticable. The prevalence of great slides along the coast, back 
inland, seems to suggest the possibility of the fault curving along the coast, and 
gradually leaving it south of the Big Flat Ranch. In the belief that this might be the 
case, and that the fault might continue closely along the coast for some distance, to 
reenter farther north, a visit was made to the great slide at Cape Fortunas — the most 
extensive slide along the north coast. No trace of the fault could be discovered here, 
however. No visit was made to Cape Mendocino nor to Needle Rock, a small prom- 
ontory south of Shelter Cove. As seen from the cove, this rock has a pronounced 
saddle suggestive of faulting. Should the fault-trace run thru it, it would have a very 
strongly curved course, parallel with the coast. 

Mr. Matthes’ account of the conditions in the vicinity of Shelter Cove may be supple- 
mented by the following note by Professor A. S. Eakle : 

Shelter Cove appears as a broad slope spreading out and forming a circular coast line of 
about 2 miles in length, with a flat plain 6 to 10 feet above the sea. The ocean is con- 
stantly wearing away the land and no beach surrounds it. Half a mile from the ocean 
the land begins to rise in grassy hills which are abruptly cut off from the high mountains 
behind by a deep canyon. The formation of the cove indicates that it has been broken off 
from the hills above by a huge landslide, perhu}>s by a former earthquake. I’he gorge 
which separates it from the mainland is on a line with the general cojist. On the south 
side of the cove there are three parallel deep gorges which extend a short distance int o the 
hills ; and their continuation over the hills is shown by slight depressions which appear to 
have been clefts which have become almost filled with the wash of the hills. Along all 
these lines of weakness fissures were opened and the ground subsided 2 to 3 feet. Cross 
fissures running from one depression to another are also present. The trend of the main 
fissures followed the coast, which is northwest-southeast. On the high crests of the Cooskie 
and King Mountains, which border the coast north of the town, fissures and landslides were 
reported by ranchers looking for cattle, but this region was not visited. In the range south 
of the cove landslides were also reported and a photograph of a large one was taken. The 
rocks of the coast are sandstones and black shales, and the hills and plain of the cove were 
composed of blue and yellow sandy clay, evidently derived from the decomposition of the 
shales. 



59 


THE BARTH MOVEMENT ON THE FAULT OF APRIL 18, 1906, 

POINT ARENA TO FORT ROSS. 

For the course of the fault and the phenomena of earth movement along it for the 
stretch of 43 miles between the mouth of Alder Creek and the point on the shore south 
of Fort Ross where it passes beneath the Pacific, we are again indebted to Mr. F. E. 
Matthes, who, on behalf of the Commission, made an examination of this territory. In 
the vicinity of Fort Ross, however, several observers contributed notes as to the phe- 
nomena there. For this entire distance, the rupture of the ground and its differential 
displacement arc strongly marked and, except for the occasional local obscuration of the 
phenomena by brush and timber, are easily traced. The fault-trace enters the shore 
less than half a mile north of the mouth of Alder Creek 'and crosses with a course of 
S. 28“ E. the bench-land, or wave-cut terrace, to the banks of the creek about 500 
feet in from its mouth (fig. 12). Over the surface of the bench it is marked by char- 
acteristic rending and heaving of the sod. At the point where it reaches Alder Creek, 
the stream bank is rocky and steep, and the course of the crack can be traced down the 
rocky bluff, tho somewhat obscured by talus. The face of the, bluff is shown in plate 32a. 
On the edge of the bench above the stream cliff (b, fig. 12), there is a rocky knob project- 
ing above the general level. The earth crack passes close to the southwest side of this 
knob. The hade of the crack on the face of the bluff for a height of about 50 feet is very 
nearly vertical, but its deviation, if any, from the vertical could not be accurately meas- 
ured on account of the ragged character of the bluff and the loose rock upon its face. On 
the northeast side of the rocky knob above referred to, there is evidence of a less well- 
marked i)arallel crack, as indicated on the sketch (fig. 12). This also appears on the 
rocky bluff of the stream cliff, but is less distinct than the main crack. 

Southeast of this point, the fault-trace fol- 
lows the broad stream bed of Alder Creek for 
nearly a mile, passing beneath a bridge, the 
wreck of which is shown in plate 32b. In this 
view, the horizontal offset of the bridge along 
the fault-line is well shown. It is apparent 
that this offset is not l(«s than the width of the 
bridge. On the southwest side of the stream, 
near the bridge (a, fig. 12), the fault-trace is 
flanked by peculiar, isolate<l, rocky knobs simi- 
lar to that on the northeast side. It is not 
clear, however, that these rocky knobs have 
more than an accidental ndation to the fault, 
since they may possibly l)C residual sea-stacks 
upon the uplifted wave-cut terrace. 

After leaving Alder Creek, the phenomena of 
surface rupture and displacement were traced 
thru a series of ranches to the divide passing 
over to Brush Creek, and down to the vicinity 
of Manchester. Along nearly this entire dis- 
tance between Alder Creek and Brush Creek, 
the line parses thru a series of depressions, swamps, and ponds, the majority of 
which are not connected with the neighboring streams. Offsets due to the displace- 
ment were measured on two fences of Mr. E. E. Fitch’s ranch, and the amount of move- 
ment was found in each case to be 16 feet, the southwest side having moved relatively 
toward the northwest. The vertical displacement was, as a rule, quite small; only in 
a few places did it amount to a foot, presenting a low scarp of that height facing the 
northeast. To the north of Manchester, an east-west fence line was offset in three places, 



Fio. 12. — Map of month of Alder Creek, 
showing i>ositiou of fault-trace. 
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the zone of dislocation being in low, marshy ground. At another place near Manchester, 
where an east and west fence follows the north side of a wagon road, both fence and 
road have been offset as shown in plate 32d. In both cases the relative movement on 
the southwest side was to the northwest. The dairy bam on the ranch of Mr. E. E. 
Fitch stood astride the line of movement and was demolished by the torsion to which it 
was subjected. The wreck of the bam is shown in plate 32c. At two places along the 
stretch between Alder and Brush Creeks the bearing of the fault-trace was measured, 
the readings being N. 28® W. and N. 30® W. 

Southeasterly from Manchester the line of dislocation passes over the dividing ridge 
between Brush Creek and Garcia River, presenting the same general features. The 
upthrow is distinctly on the southwest side, but amounts, as a rule, to only a few inches. 
The horizontal displacement was measured on a line fence south of the divide. The 
fence is offset in two places. The principal displacement amounts to 13 feet; while on 
the minor offset, a little to the east, the displacement is 2.5 feet. The relative movement 
in both offsets is in the same direction, making the northwesterly displacement of the 
southwest side 15.5 feet. This fence is shown in plate 33a. South of this divide the 
main fissure passes thru a depression immediately east of a prominent knob projecting 
south from the divide; while a subordinate fissure traverses featureless hillsides from 
100 to 150 feet farther east. 

For some distance up the Garcia River from the point where the Rift intersects it, the 
line of dislocation traverses the flat alluvial bottom land, crossing and rccrossing the 
stream bed. At David Jones’ ranch it leaves the bottom and ascends obliquely the side 
of the valley; and from this point to its head waters it remains on the western side of 
the valley. Its path is thru a belt of ridges and swamps. Part of the way there are 
two sets of ridges, the lower or eastern of which coincide with the new line of rupture. 
Ijooking along the valley, the more prominent of these ridges appear as notable features 
of the transverse profile. Opposite Hutton’s ranch, the line is found about 500 feet 
west of the river, and about ^ feet up on the valley slope. It crosses a road and fence 
here, producing offsets of 10 feet in both, in the same sense as before noted. At the 
head of the Garcia River, the fault-trace passes thru a low saddle into the valley of the 
Little North Fork of the Gualala River. 

Down the Little North Fork, the fault-trace follows the axis of the valley on its west 
side; at a point 1.5 miles north of its junction with the North Fork it runs lengthwise 
for over 100 yards with the grade of an abandoned logging railroad, tearing the same to 
pieces. Interesting evidence of the condensation or shortening of the ground in this 
vicinity is afforded by the buckling of the rails as seen in plate 33d. Here the main line 
of dislocation lies about 100 feet to the east of the track in the stream bed. The effect 
of the movement was to shorten the steel rails either by buckling or telescoping after 
the snapping off of the fish plates. The small trestle in the distance is traversed at an 
acute angle by an auxiliary line of dislocation and is similarly shortened. At the locality 
shown in plate 33c, the buckling in the foreground resulted in the breaking of the rails. 
Similar instances of the shortening of the steel are shown in the distance. Here the main 
line of dislocation of the earth lies about 50 feet to the east of the track, and parallel with 
it. Plate 33b is a nearer view of the trestle above referred to. Below this point the 
fault-trace lies in the stream bed for some distance, crossing the North Fork at a point 
200 feet east of its junction with the Little North Fork. Two lines of faulting appear 
here, both of which caused considerable damage to the railroad track; but the latter 
having been repaired before the date of Mr. Matthes’ visit, no measurements of offsets 
were obtainable. 

From this point southeasterly, evidence of dislocation along the line of the Rift, in its 
course up the valley of the South Fork of the Gualala, is obscured by the dense brush to 
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a point east of Stewart’s Point. Here the line runs on the lower side of a double series 
of low ridges, interspaced with elongated swamps, and all trending parallel with the 
river. (See fig. 13.) Its bearing is N. 33° W., altho only short sights could be obtained 
on account of the timber and brush. The bearing noted is nearly in line with the axis 
of the valley of the South Fork of Gualala River. The amount of dislocation could be 
estimated only in a rough way from the offsets in the road leading east from Stewart’s 
Point to Lancaster’s ranch. A few neglected picket fences gave doubtful results, the 
alinement of the pickets having been previously disturbed by forest fires, fallen trees, etc. 
The horizontal movement is distributed over two strong, and one or more dim, lines of 



Fio. 13. — Map of valley of South Fork of Ciualahi Kiver, showing relation 
of fault-trace to geomorphic features. 


faulting, all of them producing offsets ranging froni a few inches to several feet. The 
total displacement apparently did not reach 8 feet. As will be apparent from fig. 13, 
a logging road runs southeast parallel with the fault for 0.75 mile, and then crosses the 
same at an abrupt turn. It so happens that the road at this point has been cut thru one 
of the narrow ridges referred to, the depth of the cut being about 7 feet. The movement 
on the fault has practically closed the cut, so that it is now barely passable on foot. 
The bridge over the South Fork of the Gualala River, 3 miles east of Stewart’s Point, had 
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its floor and end panels bent and the tension rods in the last two panels were buckled 
and twisted. 

The upthrow on the fault east of Stewart's Point is on the west side ; but farther up 
stream, where the fault runs along the steep west side of the valley below Casey’s ranch, 
the upthrow is apparently on the cast side. The foot trail from Casey’s ranch to the 
river follows a marked longitudinal depression in the steep slope for 100 feet, and it is 
along the abrupt west side of the small ridge flanking the hollow (see fig. 14) that the 
fault-trace is located. The upthrow measures fully 2 feet, while the height of the 
ridge above the hollow varies from a few feet to more than 10 feet. The depression 
pitches to the north and is drained by a tiny brook. The fault-trace happens to coincide 
with the latter at a point where the trail crosses the watercourse over a rough wooden 
bridge. The horizontal movement along the fault practically destroyed the bridge. No 
measure of the displacement could be obtainc<l here, but the indications are such as to 
warrant the belief that it did not amount to 15 feet, and that probably some of the 
horizontal shear had been distributed over minor lines of displacement higher up the 
slope, and marked by landslides. These landslides al)ove the depression in which the 



Fig. 14. ~ Profile of southwest side of South Fork of Gualala River, showing relation of fault to 

geuinorphic features. 


fault-trace lies arc an important factor in the interpretation of the phenomena. It is 
easily possible that the scarp looking southwesterly over the depression referred to does 
not represent the real movement on the fault plane, but is a landslide effect. In any 
event, the proximity of the landslide weakens very much any judgment that might be 
formed, implying a reversal of the vertical movement which normally prevails along 
the line of the fault. 

From Casey’s ranch southeast, detailed observations were found to be impracticable 
owing to the dense tangle of brush and fallen timber. The ridge between the upper 
stretch of the river and the coast is crost by the fault-trace thru a swampy saddle above 
Plantation House, and the fault-trace traverses the swamp. Plantation House stands 
practically on the line of disturbance, about midway in a zone 270 feet wide traversed 
by six roughly parallel lines of rupture. The general bearing of the principal line was 
found to be N. 38® W. Southward the main fault passes thru a series of swampy hollows 
along an abandoned road, now impassable because of the cracks thru it. The line was 
traced south for 2 miles, its general appearance being found to remain the same thruout. 
There is a marked upthrow along its west side, not exceeding a foot at any place. Where 
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it crosses the stage road at the Plantation House, the vertical displacement on the main 
fault measured 6 inches; that on the secondary lines did not exceed an inch. 

At Buttermorc’s ranch, about a mile east of Timber Cove, the displacement is dis- 
tributed over three fissures, the principal one running 30 feet west of the dwelling. It 
intersects three fences, all of which show offsets of about 8 feet. The original crooked- 
ness of the fences and the repairs made since the earthquake make the accurate determi- 
nation of the displacement impossible. The fault-trace was followed for some distance 
south and north from the ranch thru the forest, and found to follow the swampy depres- 
sions most of the way with low scarps or ridges to the west. The ranch and its fields 
lie for the most part in a broad swampy saddle. The upthrow in this neighborhood is 
on the west side, not exceeding 15 inches anywhere. 

FORT ROSS. 

North and south of Fort Ross, the phenomena of displacement are well displayed, both on 
the open-terraced coastal slope and in the timber. The rupture follows for the most part a 
single well-defined line in the path of the old Rift, coinciding in many places with ancient 
s(!arps and the slopes of low ridges. (See plates 35a and 36d.) The fault-trace is com- 
monly marked by a ridge of heaved sod with diagonal cracks as illustrated in plates 35b 
and SOb. New scarps occur as shown in plates 3Cc, and 38a, b, as well as accentuations of 
old scarps. There are, however, several subi)arallel cracks. Two of these, having each 
a length of about 150 f(!ot, lie to the west of the main line at a ]:>oint 1,250 yards northwest 
of Doda’s ranch-house, one 50 and the other 100 feet distant from the main crack and 
disposed en ^cJvehn. Within 300 yards to the southeast of this are two short cracks still 
closer to the main one, and springing from it, at about 450 yards northwest of Doda’s 
ranch-house, is a parallel crack 440 feet in length and 60 feet from the main line. In this 
case the scarp appears upon the auxiliary crack, and nut upon the main line of rupture. 
Between the short discontinuous crack and the main line is a swampy depression. On 
the southeast side of the ravine, southeast of Doda’s house, the main crack is paralleled 
by two subordinate cracks, one on each side. That on the southwest side is about 250 
f(!<!t long and 50 feet from the main line. It has a low scarp facing northeast, but not 
so pronounced as that on the main line of rupture. The crack on the northeast side of the 
main line has a length of about 1,125 feet and conv(Tgcs upon the latter toward the 
northeast. At its northwest end it is 190 feet from the main crack and at its southeast 
end only 50 feet distant. It has a low, discontinuous scarp facing northeast. 

In a distance of 7,250 feet measured along the lino of the fault, there are twelve stmtehes 
of scarp ranging in length from 125 feet to 1,000 feet, counted both on the main and on the 
auxiliary cracks and aggregating 3,000 feet in length. Of these eight face northeast and 
four southwest. The eight scarps facing northeast aggregate 2,250 feet in length, while 
the four facing southwest aggregate 750 feet. Two of the southwesterly facing scarps, 
however, aggi'egating 375 feet in length, are on the descent to the ravine southeast of 
Doda’s house, where there is considerable sliding of the ground, and they may possibly 
be accounted for as secondary features due to landslides. The other two scarps facing 
the southwest are unexplained. They are abnormal and are so exceptional that they 
scarcely weaken the general conclusion that the vertical component of the movement on 
the fault was ui)war(l on the southwest side. The amount of this v<!rtical movement 
in the vicinity of Fort Ross probably does not exceed 3 feet. In the first hasty examina- 
tion of the ground, it appeared as if the amount of vertical movement might have b(H;n 
as much as 4 fitet. This impression was due to the fact that in places preexisting scar{)s 
were closely followed by the fault-trace, and a sufficiently careful discrimination was not 
made between the proportion of the scarp due to the new displacement, and that due to 
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earlier movements. A review of the facts indicates that the addition to the height of the 
old scarps and the total elevation of the new ones rarely, if at all, exceeded 3 feet. In 
general it was less than 2 feet. 

The distribution of the line of faulting for a typical stretch of the Rift near Fort Boss, 

the auxiliary cracks, the disposition of the 
scarps upon these, and the relation of the 
whole to the old Rift features, are well 
shown on map No. 3 by Mr. F. E. Matthcs. 
The horizontal displacement is also indi- 
cated on the map, but this needs more 
detailed statement. 

On the line of the fault, about 300 
yards northwest of the road from Sea 
View to Fort Ross, a steel water-pipe 
was dislocated by the earth movement, 
and found to be offset 8 feet, the south- 
west portion having moved northwest- 
erly. This of course affords only a mini- 
mum measure of the relative movement. 
Where the road just mentioned intersects 
the fault-trace, both the road and the 
bordering fences were offset about 7.5 
feet, with a slight sag on the northeast 
side. The zone of shearing here was from 
10 to 20 feet wide. A wagon road on 
the Call ranch, south of the one above 
referred to, was offset 12 feet 3 inches, 
the line of dislocation being marked by 
an open fissure in the soil a few feet deep, 
and several short diagonal cracks, as 
shown in plate 3fic. Another offset 
fence is shown in plate 36a, the displace- 
ment being here 8 feet at the fault-trace. 
The effects of the earth movement in the 
timber to the south of this are well shown 
in plate 34a. Several large tnH;s stand- 
ing on the fault line were split or torn 
asunder. The offset of the south line 
fence of the Call ranch was carefully 
surveyed by Mr. E. S. Larsen, and the 
results of his survey are shown in fig. 15. The bearing of the fence is N. 36° E. He 
reports that for the first 1,000 feet from the southwest end of the fence the greatest 
error in alinement was about 1 inch, and that practically there was no deformation in 
thb stretch. In the next 125 feet going northeast there was found a deviation from 
this alinement of 4 inches to the southeast. In the next 50 feet the deviation in 
the same direction was 7 inches more. In the next 140 feet the deviation in the same 
direction was 3 feet 7 inches more. Then came the fault-trace with an abrupt displace- 
ment of the fence of 7 feet 5.1 inches. Northeast of the fault-trace the fence retained its 
line very well. In 100 feet it was out only 1 inch. Beyond this it enters the timber and 
its course is somewhat influenced by the larger trees, but maintmns its line within a 
few inches. These measurements give a total horizontal displacement of 12 feet distrib- 
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Fia. IS. — Offset of fence by 
fault at Fort Ross, showing 
distribution of the deforma- 
tion on southwest side of 
fault. Scales: Along fence, 
1 inch =: 200 feet. Normal to 
fence, 1 inch ~ 20 feet. 
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Faiilt-traoe in redwood forest near Fort Robb. J. H. L. B. Dislocation of fence near Fort Ross. J. V. L. 


PLATE 34 






PLATE 35 



Bi Fault-trace on graei-ooTored ilope near Fort Bom. B. L. H. 




PUTE 36 





PLATE 37 



A* Offset of stream trench by the fault and ponding of water by the fanlt-soarp. Boda’s ranch i a mile sonthoast of 

Fort Bose. A. 0. L. 



B. The fknlt-traoe a mile northwest of Bolinai Lngoon, looking sonthweit. Blnstrates the ridge phase. 0. X. 0. 
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uted over a zone 415 feet in width. Another fence farther southeast on Doda’s ranch, 
having a bearing of N. 36° E., was offset on the fault-line 15 feet; the southwest side, as 
usual, having moved relatively to the northwest. This fence is shown in plate 34b. One 
of the most interesting effecte of the displacement due to the fault is that seen where 
the latter intersects a small stream at Doda’s ranch-house. The stream flows trans- 
versely to the line of the fault, and has a trench across the terrace about 5 feet deep. 
On the lower or southwest side of the fault, the stream trench has been moved north- 
westerly about 12 feet, so as to bring a fault-scarp across the entire width of the upper 
part of the trench and impound its waters in the form of a pool. The result is shown in 
plate 37a and also on Mr. Matthes’ map of the Rift at this place (map No. 3). The 
impounding of the waters on the line of the fault is interesting evidence of the absence 
of any open crack. 


BODEGA HEAD TO TOMALES BAY. 

The location of the fault across the neck of land which connects Bodega Head with the 
mainland was determined by Prof. J. N. LcContci. He reports that on the south side 
of this neck the main earthquake fls.surc was found passing about 50 yards west of a house 
occupied by Mr. Johnson. It could be traced as a multitude of small cracks in the swampy 
land from the bay to the road, then as a well-defineul fissure up the small depression west 
of the house for 200 yards to where it disappeareil in the sand dunes. No trace of it 
could be detected in the sand dunes, which roach from this point entirely across the penin- 
sula. Only one fence crosses the fi.ssure and this had been repaired so that no measure- 
ment of the displacement was possible. The movement was evidently northward on 
the west side, as was shown by the direction in which the bushes were bent. The vertical 
movement was about 18 inches, the uplift Ixiing on the west side. The sand spit which 
closes the bay on the south was examined for evidence of movement, but nothing could 
be detected in the drifting sand. 

At the mouth of Tomales Bay there arc two points projecting westward from the east 
shore, and both of these, according to the observations of Prof .R. S. Holway, are crost 
by the fault-trace. The first is a long, flat sand-spit extending well across the mouth of 
the Bay just south of Dillon’s. The line of the fault was still visible in the sand on 
June 11, 1906, in spite of the obliterating action of the wind and the recent rains. The 
line lies near the base of the spit and has a northwest-southeast course. On each side 
of the crack are crater-like depressions, some of them being double or overlapping. 
Mr. Kc(!gan, the owner of Dillon’s Beach, reported that these crattiriets were numerous 
and distinct. In some instances a great deal of sand and water had been ejected. Others 
are reported on the southwest side of the fault-trace, from which the b<ilt containing them 
extends some 70 feet. The cratcrlets vary in size up to 6 feet in diameter and it is 
reported that on the day after the earthquake the water which stood in them could not be 
bottomed by a fishing pole. 

About 1.5 miles southeast of this spit is a promontory about 100 feet high projecting 
into the bay. Some 400 yards from the end of this promontory on top of the ridge is a 
line of depression with two or three small ponds. The main fault fissure here divides into 
two cracks, one each side of this depression, which is about 150 feet in width. Stand- 
ing on this ridge, the line of the fault can be traced at low tide for nearly 1.5 miles across 
the bottom of the bay to the sand-spit to the northwest, its course in general being parallel 
to the axis of Tomales Bay. (See plate 38c.) The horizontal displacement where the 
fault crosses the promontory is about 8 ftxit, as determined by the line of tall grass at the 
edge of the little ponds, the westerly side having shifted to the northwest. 
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TOMALES BAY TO BOUNAS LAOOON. 

By G. K. Gilbert. 

The Favllrirace. — The trace traverses the zone of the Rift. Its general course is N. 
35° W. and it nowhere departs more than a few hundred feet from the straight line 
connecting its extreme points. For considerable distances it is a single line of rupture; 
elsewhere it is divided into parts which separate and reunite; and in yet other portions 
it is composed of unconnected parts arranged en ichelon. There arc no vertical 
sections exhibiting hade, but the relation of the trace to sloping surfaces indicates that 
the fault-plane is approximately vertical. 

For considerably more than half its length the surface expression is a ridge from 
3 to 10 feet wide and ranging from a few inche^s to about 1.5 feet high. (Sec plates 37b 
and 40a.) The ground constituting the ridge is in fragments, loosely aggregated, so 
that there arc considerable voids. Where pasture lands are crost the turf is torn into 
blocks, and these, in conjunction with the cracks which separate them, make up a pat- 
tern. This pattern is always irregular and sometimes gives no evidence of system, but 
usually its lines have a dominant direction, traversing the ridge obliquely, the northern 
ends of the cracks pointing toward the eastern boundary of the ridge, and the southern 
ends toward the western boundary. The cracks have resulted from stresses connected 
with the horizontal faulting, in which the southwest block moved northwest with 
reference to the northeast block. (See plate 39.) 

In other places, and usually for short distances, the surface o.xpression is a shallow 
trench (plates 40b and 46b), with ragged vertical sides from 2 to 5 or 6 feet apart, and 
occupied by loosely aggregated fragments of the ground, the pattern of the fragments 
and interstices being similar to that observed in the case of the ridges. This phase sug- 
gests that just below the surface the fault may be somewhat open, so that there has been 
an opportunity for fragments to drop into it. 

In a third phase the ground is not notably elevated nor deprest but is traversed by a 
system of cracks obscurely parallel one to another and making an angle of about 45° 
with the general direction of the trace. Their orientation is such that they run nearly 
north and south. The cracks do not meet, but leave the intervening strips of ground in 
full connection with the undisturbed ground outside the trace. This phase occurs chicHy 
in wet alluvium. 

There are a few spots where for short distances the surface expression is a simple 
straight fracture along which horizontal motion took place. 

In the detailed descriptions which follow, the first three phases described above will be 
spoken of as the ridge phase, the trench phase, and the echelon phase. 

The most southerly observation of the fault-trace was on the spit separating Bolinas 
Lagoon from the ocean. Near the west end of the spit its surface is covered by small dunes, 
and among these the trace was seen in its echelon phase. After a lapse of nine months 
the drifting of the sand had obliterated most of the cracks, but a few were still visible. 
Inside the spit lie a number of islands, the largest of which. Pepper Island, has a nucleus 
of sand (the vestige of an ancient spit), but superficially consists mainly of a fine tidal 
d(iposit. In the earlier field excursions the fault-trace was here overlookt, the echelon 
cracks by which it is represented being mistaken for secondary cracks, but at the present 
time (spring of 1907) it is easily traced, even from a distance, because the vegetation on the 
two sides of it has acquired different colors. Unfortunately the camera does not dis- 
criminate these colors. (Plate 41a.) The echelon phase here dominates, but the ground 
east of the trace is deprest about a foot, and this depression has so changed the relation 
of certain plants to the tides that they now find the conditions of life unfavorable and are 
dying out. This matter will be considered more fully in another connection. 
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PLATE 39 



A. Branch of fanlt-traoe in north part of Bolinaa. Looking north-northweitt lUnitratoB diagonal oraoha. 0. K. Qt* 





B. Branch of fanlt-traoe, near Bondietti’a ranohi Looking aonthi IHnatratoa diagonal oraokai &. K. 




A. Fault-trace a mile nonbweet of Olema. Looking northweeti Illnstratee ridge phaae. (J. K. Q. B. Tke fanlt-traoe west of Olema. Looking eontheaeti IlliiBtratei the trench phaeOi G. Qi 
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PLATE 41 
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A. Looking lonthoMt on Pepper Island. In the foregroimd the fanlt-traoe is central. It trends 
toward the distant +. 0. X. Cl. 



B. Looking north flrom hill west of WoodTille. From buildings (Strain ranch) a large rift ridge mns northwest between 2 fanlt-sags. 
The western sag is followed by Pine Gnloh Creek. Fanlt-traoe mns from right of pond in foregronnd to left of hnildings and 
follows sag for a miloi gradually crossing it. G. K. G. 
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In the U. S. Gleological Survey map of this region the islands are nut represented. 
In fig. 28 they arc represented as they appear at half-tide, or, more strictly, the parts 
shown are those covered by vegetation. This figure also shows the corresponding part of 
the delta of Pine Gulch Creek. After crossing Pepper Island and a smaller island imme- 
diately adjacent, the fault-trace disappears under the water of the lagoon and it was next 
seen on the mainland of the southwest shore near the head of the lagoon. In the inbirval 
it probably crosses the delta of Pine Gulch Creek between the lines of high and low tide, 
but this tract was not examined until after the floods of March, 1907, which overspread 
it with alluvium. A disconnected group of cracks oi)cning in the alluvial plain of the 
creek about 400 yards to the west (plate; 39a) probably marked the position of a divergent 
branch of the fault. This line of disturbance crost the creek and road near the bridge 
in the northern settlement of Bolinas, trending approximately north and south and fading 
out in both directions. 

The trend of the fault-trace on Peppetr Island is about N. 34° W., and if continued would 
bring the trace to the shore at the head of the lagoon, but its actual position on the 
mainland is farther west, indicating that there is either a swerving, or an offset in the part 
not seen. Near the shore the fault occasioned a number of land.slides which obstructed 
the road until removed ; and beyond the confusion occasioned by the landslides the trace 
consists of a number of subparallel cracks occui)ying a belt several yards in width. 
There is also a nearly parallel branch of the trace in a fault-sag lying a little farther west, 
but this could lie followed only a short distance, and has since been largely obliterat(\l by 
plowing. Mr. Nunes, who cultivated this sag, states that it once contained a pond or 
marsh, and this he had drained, but the water stood there again after the earthquake, 
showing that the earthquake had caused a depreasion of the bottom of the sag. 

The diffused cracks on the main lino soon gather into a narrow belt and descend into a 
narrow sag, containing the barn and other farm buildings of the Stcwle place. After 
following the sag for a short distance, the trace gradually rises on its (eastern wall, crosses 
obli(iuely an intervening ridge, and enters a parallel sag toward the (!tist. In this sag, 
which also is narrow, the trace intersects one of the roads leading from Bolinas to Wood- 
ville and immediabily begins to ascHuid the narrow ridge bounding tlu; sag on the east. 
Crossing this ridge obliciuely, it skirts for 0.25 mile the western border of the much broader 
sag in which the water of Pine Gulch Creek gathers before it enters the canyon from 
which it is named. This wall it descends obliquely, and, just before reaching the bottom 
of the sag, intersects and offsets a line of eucalyptus trtxjs marking a property and town- 
ship boundary. Tlie ridge phase dominates in this region (plate 37b), and near the line of 
eucalyptus trees the trace itself has a small offset to the west. (See fig. 18.) 

Now for nearly half a mile the trace follows a valley-bottom, Ixiing divided on the way 
between two or three branches. The ridge phase obtains, but there are several places in 
flat alluvial ground where the ordinary group of cracks is replaced by a single crack with 
clean shear. On Mr. Strain’s place two fences were crost which afforded measurement of 
horizontal displacement. Beyond them the fault-trace beconms oiuie mon; single, and, 
after passing a group of very small ridges and sags, begins to climb the eastern wall of a 
larger sag, which here contains Pine Gulch Creek. (See plate 41b.) Along its line there 
soon develop a small sag and ridge constituting a sort of shelf or notch on the wall of the 
deeper sag (plate 42a), and in this small sag are several ponds. (Plates 10a, 54a, and 
55a.) The sag first rises for a distance and then gradually descends. The fault-trace 
exhibits here in alternation the ridge and trench phases, and at many points there is an 
apparent vertical displacement with throw of 1 or 2 feet toward the northeast. (Plates 
10b and 48b.) Near Bondietti’s house the individuality of the sag is lost, and the 
fault-trace swerves somewhat to the east. A parallel trace develops west of it, and the 
two come together near Beisler’s place. Northwest of Beisler’s is a relatively liigh fault 
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ridge, and the fault-trace climbs the end of this, following a narrow groove or ascending 
sag. Here also arc ponds. Farther on it passes to the east of the ridge crest and follows 
a side-hill sag similar to the one followed 2 miles farther south, except that it is on the 
eastern instead of the western face of the fault ridge. (Plates 8b and 9a.) The apparent 
vertical displacement is here in the opposite sense, the west side having apparently dropt, 
but the throw is small. 

Thence the trace descends oblicjuely to the canyon of Olema Creek 150 feet below. 
Where the creek makes a decided bend toward the west the trace crosses it twice, and 
then follows near its west bank for several miles. Not far from the second crossing it is 

subject to a scries of offsets, giv- 
ing to the trace as a whole the 
same echelon character com- 
monly observed in the arrange- 
ment of its details. It is note- 
worthy that where these offsets 
occur the trace swerves some- 
what toward the right and the 
new line begins at the left, so 
that the arrangement is essen- 
tially a magnification of the 
arrangement of cracks in what I 
have called the echelon phase 
of the fault-trace. There is this 
difference, however, that the ele- 
ments of the larger echelon make 
a comparatively small angle with 
the general course of the trace. 
At several points in this part of 
its course the trace follows steep 
slopes from which the timber 
has not been cleared. On these 
slopes, which face the northeast, 
its course sometimes coincides 
with that of a very narrow sag 
occupied by marshy ground. 
Elsewhere it erosscs an upland 
to which a series of sags gives 
gentle undulation and here it 
touches or passes near a number 
of ponds. (Plate 43.) The route 
of the fault-trace in this region and thence north to Papermill Creek is shown by fig. 16, 
a compilation based on data from several sources, including a few original measurements. 

A mile south of the village of Olema the trace enters a sag which is followed continuously 
for nearly 3 miles. At first the sag is narrow and is attached to the northeast slope of a 
ridge, but approaching the Shafter place the ridge crest sinks and a broad sag replaces it 
in the line of trend. (Plate 42b.) In following the eastern edge of this sag from the Shafter 
place to Papermill Creek the fault-trace also follows the western base of a line of hills. 
The hills are peculiar in that their western, or more strietly southwestern, base, being 
determined by faulting, is nearly straight (plate 42b) ; while their northeastern base, 
modified by the erosive action of Olema C^ek, is scalloped. In this region the ridge phase 
of the fault-trace dominates, being occasionally replaced by the trench phase. (See 
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A. Sag followed by fault-trace a mile north of Strain ranch. Looking eontheast. Trace, concealed by hushes, rnns near ponds. 0. K. 0. 



B. Looking loothoMt from point nonr Shaftor'i ranoh, Oloma. Fanlt-traoo followi base of hill and inolndes water -filled depraision. 

0 . 1 . 0 . 




Favlt-trsoe 1.5 miles south of Olema. Looking sontheast. Trace touches both ponds, being B. Looking southeast across hill-top a mile south of Olema. Shallow sag gives hill double crest 

best seen between them. G. K. G. and makes a pond basin. The fault-trace, both in foreground and beyond, is divided in 

several branches. G. K. G. 
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, Fftnlt-tnoo a northwdit of Oloma* Looking northwesti &■ Ki Oi Bi Fault-traco a milo northwoBt of Olomai Looking lovtiioftoti Qi Ki Oi 
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A. Fanlt-traoe on Fapermill delta. Looking northwest. The water lanes are largely at right of main line of fraotnre. 0. K. 6. 



B. Branch of fanlt-traoe in Booond Valley/’ at Inverness. Looking sonth-sontheast. G. K. G. 
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plate 44.) A few minor branches were seen on the east side. The pool or lane of 
water shown in plate 42b is about 2 feet deep. Mr. Shatter states that the ground here 
was dry and under cultivation before the earthquake. Shortly aft(!r the shock ho noticed 
that the current of a creek close by was reversed. 

Just south of the head of Tomales Bay, Pajiermill Creek enters the valley from the cast, 
crosses to the southwest side of the valley and then turns toward the bay, in which 
it has built a delta. The delta occupies the whole width of the bay and is about 3 miles 
long, the greater part of it being submesrged at high tide. At the heatl of the delta Olema 
Creek joins Papermill, bringing its tribute of detritus; and on the opposite side of the 
valley Papermill Creek receivcis the water of Bear Valley Creek, which brings no sediment 
but filters for some distance through a marsh. At the head of the d(*lta a road crosses 
the valley, resting partly on the delta and partly on the marsh just mentioned, and fur- 
nished with an embankment to lift it above the floods. Just before reaching this road 
the fault-trace enters the marsh, where it quickly expands to a width of nearly 60 feet 
and exhibits the trench phase. Not only was the road offset by the fault and earthquake, 
but the portion between the walls of the trench was dropt down, the embankment sink- 
ing into the soft earth until nearly flush with the marsh. In restoring the embankment 
about 3.5 feet of earth m'.ro. added. Close to the road Papermill Creek was crost, with 
offsetting of banks, ami thence the fault was continued thru the delta to its end. (See 
plate 40a.) Its course is nearly straight and of such 
direction as to pass just outside the end of the cape 
near Milh'rton, th<i luiaring being N. 35° W. At several 
I)oints it is margined on the nortluiast by a lane of 
water (plate 45a), indicating that a narrow tract 
on that side is deprest, but no evidence was found of 
a general depre.ssion of land on one side of the fault as 
in Bolinas Lagoon. The echelon phase is dominant; 
the ridge phase does not api)ear. The trench phase 
obtains for short distances, and is combined for larger 
distances with the echedon. Where the trench phase 
occurs, it coincides with the zone of abundant cracks and is thus distinguishcHl from 
the sag holding the lane of water. 

The general relation of the sag to the fault-trace is shown in fig. 17. It occurs only on 
the northeast side, but is so persistent that, from a commanding posit ion, th(! fault can be 
traced out by means of the water lanes. The th’jm'ssion will probably aviTage m(»re than 
50 feet wide, but it eludes measurement Iwcause it fades out graduall)' on the side away 
from the fault. Tli(! gr(«test noted depth is 17 inchc*s, but tlui average' is jn-obably los 
than a foot. In attempting to int.eri)r(!t this hiature I assume that Is'iieath thei smooth 
plane of the delta, ami buried by its .soft eleposits, is a variegated topography of the rift 
typee; and the hypothesis 1 advance is that the new-^nad(^ .sag on the delta plain is tlui 
surface echo of a fault-sag of the; buried topography which was made d(Mip('r by the event 
of April, 1906. It has aln^ady Ikmui pointtid out (piige 67) that the; sags of the* Rift 
which were touched by the n(!w fault ween; apparent ly deepem'd ; and if the triu' exi)lana- 
tion of the (hdta-sag has been suggested, we have in that feature an indication that the 
deepening was not only apparent but real. 

At the northern edge of the Inverness settlement is an outlying or branch fault-trace 
about half a mile long. (Plates 45b and 47a.) St arting in what is called the “ Second Val- 
ley,” it ascends to a mesa and then dc.scends toward the “Third Valhiy,” its course Iwing 
a^ut N. 20° W. In crossing the upland it is assexuated with a fault-sag and there exhibits 
the trench phase with horizontal displacement of 2.5 feet. Two .shorter traces, trending 
northward, occur on the slope between the “First Mesa” and the “Second Valley.” 



Kio. 17. — Hypothetic Rcc.thm of fault 
uiidor rapeniiill Delta. 
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Measurements of throw. — At all points where horizontal throw was observed, the 
ground at the southwest, as eompared to ground at the northeast, moved northwestward. 
On Pepper Island in Bolinas Lagoon a horizontal displacement was shown by jogs in the 
directions of the south coast, of the limit of vegetation at the north, and of a well-defined 
change of flora dependent on the relation of land levels to tide. Those various features 
arc too indefinite to give value to measurement of offset, but the general indication is 
that the amount of throw is somewliat larger on the island than at the nearest points of 
measurement on the mainland. 

A mile northwest of the head of Bolinas Lagoon the fault-trace intersects a row of 
eucalyptus trees which had been set to mark a property line, the boundary between lands 
of S. S. Southworth and S. McCurdy. The row is now both dislocated and curved, and 
as there is reason to believe it was originally alined with care, its present condition shows 
the distortion of the ground at the time of the earthquake. The fault-trace, as shown by 
the accompanying map (fig. 18), is here offset en echdom,, and the row of trees is not only 
crost by one section of the trace but approached by the other. At the point of crossing 
the dislocation is 10 feet. On the northwest side of the fault are six trees, all in line. 
On the southwest side are a dozen or more trees of which all but three are in line. If the 
line of either straight division be projected acro.ss the fault (broken lines in map) it 
passes 13.5 feet to the left of the line of the other division. The three trees nearest the 



Fio. 18. — Dislocatcfl row of 
ouc'iilyptus trues. 


Fin- 10.— Dislocated fcMico on farm of S. S. South- 
worth, near Woodvillu. 


faiilt on the southwest side follow a gently curving lin(f. The indication is that about 
three-fourths of the whole displacement occuiTed on the main plane of the fracture, and 
the remainder was diffused tliru the ground adjoining on the southw<?st. A closely n'lat cd 
condition exists at the southern limit of the .same field, where thi; fault-trace intersects 
a fence at right angles. The offset is 7 f(!(!t 8 inches, and this is accompanied by a change 
of direction. (Fig. 19.) Unfortunately the fence is too short to indicate in full the 
changes of the ground, Imt the suggestion is that in addition to the visible offset, there is 
a diffused shear affecting the ground southwest of the fault .so that the entire displace- 
ment is gniater than the amount shown by the offset. Assuming the fence to have been 
originally straight, the total displacement here was more than 12 feet. 

On Mr. K. R. Strain’s place, west of Woodville, measurements arc afforded by the dis- 
turbance of two fences. The more southerly (fig. 20) is crost by two visibhi branches of 
the fault, and there is probably more or less diffused shear in the intervening groimd. 
The fence, said by Mr. Strain to have been originally straight, has now two straight por- 
tions, AB and CD, and the distance from AB to E, on the line of CD produced, is l.'J 
feet. The second fence, standing a little farther north, is intersected by one visible fault- 
trace, the continuation of the trace which crosses the first fence near B. On this 
line the fence is broken and offset 8.5 feet. The remnant of fence to the southwest 
is straight, but swerves in approaching the fault-trace, as indicated in fig. 21 and in 
plate 49a. The total displacement of the straight portions of the fence is about 11 feet. 
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The four localities last mentioned are included in the space of 0.5 mile. Their several 
indications of the total displacement, in the order of position from south to north, are 
12 + , 13.5, 15, and 11 feet. The range of these determinations is 4 feet and their approxi- 
mate mean 13 feet. At each locality the indicated displacement consists partly of definite 
faulting along one or two plane.s of fracture, and partly of diffus(Hl shear, distributed thru 
a Ixdt of rock, or at least a belt of soil. At.each locality the indicated shear is all in one 
direction. At each locality the measurement depends for its authority on the assumption 
that the disturbed fence or row of trees was originally straight. 

Eight miles farther north, at Mr. W. D. Skinner’s place, near Olema, the entire fault is 
apparently concentrated in a single narrow zone, and the several measurenwints made 
are in close accord. The fence 
south of his barn (fig. 22) was 
offset 15.5 feet. The bam, be- 
neath which the fault-trace past, ^ 
remained attached to the foun- — 
dation on the southwest side, but s 

was broken from it on the north- 
west side and dragged IG feet. 

A path in the garden, originally 
opposite steps leading to the 

porch, was offset 15 feet. (Plate 

38d.) a row of raspberry 
bushes in the garden was offset 
14.5 feet. The mean of those 
four measurem(?iits is 15.25 feet, 
and their range is 1.5 feet. 

The road running southwest 
from Point Reyes Station and 

crossing the valley at the head of Papermill Creek delta was offset 20 feet. (Fig. 23 
and plate 47 b.) As the fault-trace at this point was between 50 and GO feet wide, and 
as the embankment of the road for that distane(^ was brokem into several pieces, it was 
not possible to make certain that the dlsscvenul remnants of the road had originally 
been in exact alincinent. It is probable, however, that the road was approximately 
straight lK;fore tlu! carth(iuake, and that the exceptionally great offset at this point is to 
be (ixplained as tin; result of a horizontal shifting of the surface maUirials. The embank- 
ment of the roatl nisbul on marshy ground so soft that a portion of the embankment sank 
into it, and material of this character was in other localities demonstrably shiftcid. 

A numb(!r of other measurements of displacement wore made, but thes(!, for various 
n^asoiLs, do not seem worthy of record, altho some of them were noted in an earlier report. 
Several were connected with the dislocat ion of trails, but in every such instance the trail 
made only a small angle with the strike of the fault and part of it was broken up along 
with tlu^ fractunid turf. The endeavor to find more favorabh* angles of intersection drew 
attetition to the fact that because the dominant trend of hills and valleys in tin; Rift is 
northwe.st-southea.st, the lim^s of easy travel, minor as well as main, an^ largely parallel to 
the fault-trace. Other measurements were connected with the offset of f(*iices, and, altho 
definite in themselves, have little value Ixjcause there is reason to beli<!ve they represent 
only a part of the local displacement. The part represented by tlusm is in every case less 
than 10 feet. It Is noteworthy in this connection that most farm fences which were 
intersected by the fault-trace either terminated within a few yards of it or changed direc- 
tion at about that place. Like the trails, they were ail justed to topographic peculiarities 
created by earlier faulting along the same line. 
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The phenomena of vertical displacement are in general so irregular as to indicate that 
they were determined chiefly by surface conditions. Where the ground sloped toward 

the northwest the horizontal throw caused an 
apparent vertical downthrow to the northeast. 
(Plate 48a.) Where the ground eloped toward 
the southeast an apparent vertical throw to the 
southwest was produced. Where the fault- 
trace followed a narrow sag interrupting the 
side slope of a ridge, the apparent vertical throw 
was on the side toward the ridge, as indicated 
in the diagram, fig. 6. (See also plates 10b and 
48b.) The only unqualified record of vertical 
displacement is on Pepper Island in Bolinas La- 
goon, where the mean of seven measurements 
shows a downthrow of 12 inches on the north- 
east side. The question whether the faulting 
along the plane of rupture was accompanied by 
the elevation or depression of large areas will 
be discust in another place. 

Movement normal to the fauU-plane. — Where 
the fault-trace is a trench, imperfectly filled by 
fragments of soil and rock, it is clear that the 
walls of the fault stand farther apart than before 
the earthquake. Where the fault-trace has the 
echelon phase and consists of a system of cracks, 
not accompanied by visible elevation of the surface, it is also evident that the walls 
stand farther apart. Where the fault-trace is a ridge, composed of fragments of soil, 
with more or less interstitial void, it may be assumed that the voids are at least equiva- 
lent to the ridge in volume. As the fault-trace is made up 
almost wholly of these three phases, it follows that in the visi- 
ble part of the fault its walls did not approach as a result of 
the faulting but receded a little. 

In this connection mention may be made of the fact that 
at the Shafter ranch a fault crevice was momentarily so wide 
as to admit a cow, which fell in head first and was thus 
entombed. The closure which immediately followed left 
only the tail visible. At this point the fault-trace was a 
trench 6 or 8 feet wide, and the general level of the soil blocks 
within it was 1 or 2 feet below that of the adjacent undis- 
turbed ground. 

One suggestion in connection with the rcces.sion of the 
fault walls near the surface of the ground is that temporary 
stresses incidental to the faulting caused permanent com- 
pression of the adjacent terrancs. It is a fact familiar to 
engineers that most superficial formations, while in thesir Dislocated road shown 

natural, undisturbed condition, have a structure involving remut wheel tracks. Ramiry- 
voids, and that they may be comprest by overpowering this 'ns indicate cracks of 
structure. But, if I understand the matter, such formations 

are not compressible (except elastically) when their voids are full of water, so that 
accommodation for dilatation of the fault-zone could have been made in this way only so 
far as the ground was dry. As the ground was full of water in many places — including. 




Fio. 22.— Plan of Skinner premises, showing char- 
acter of displacements measured. The broken 
lines show positions of bushes, path, and 
fence before earthquake in relation to objects 
west of fault; also position before earthquake 
of corner of barn with reference to ground east 
of fault. 
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PLATE 46 



Ai ranlt-trooa on Papormlll delta. Iiooking northwest. Q. E. 0. 



Bi Fanlt-traoe at the Skinner plaoe^ near Olema. Illnstrating trenoh phase. 0. K. 0. 
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PLATE 47 



A. Branch of fault-trace on ** north meia ” at InTomeii. Looking lontheast. Q. Ki &• 



Bead oflhot bj fault. Looking lonthweit. G. K. Q. 





Ai Fanlt'traofl a mile northwest of Olemat Looking lonthi Appearance of Tertioal displaoement largely dne to comhination of 
horiiontal dianlacement with slope of ground. Q. K. G. 
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for example, the locality of the cow incident, the Papermill delta, and Pepper Island — 
the suggestion of lateral compression seems of little avail. 

Another suggestion is that the surface phenomena an; essentially representative of 
what occurred at greater depths — that is, that in depth, as well as superficially, the 
faulting left the fault walls farther apart than they were before. Fissure veins show 
that voids have often resulted from subterranean faulting. IJnh^ss the surface along 
which the movement occurred is mathematically plane — or conforms to some equally 
difficult geometric condition — the two fault walls should not accurately fit together 
after the movement, but should tend to maintain contact thru only a part of their extent. 
If thru a part of tluiir extent tluiy are separated, th(^ walls are on the average fartluir 
apart than bc^foni. 

Thcire would necessarily be some adjustment thru changes within the rock masses on 
the two sides of the fault. Compressive strains would be locally increased and reduced, 
and there would b(^ subordinate movements among the minor earth blocks of the great 
shear zone whose surface features appear in the Rift. We have evidcince of such adjust- 
ments, in fact, in branches of the fault-trace and in a system of bedrock cracks presently 
to be described; as w(^ll as in th(i subsidence of the bottoms of sags in the immediate? 
vicinity of the fault. Interpnjting other sag phenomena in th(‘ light of the long sag of 
the Papermill Creek delta, the fault of 19()fi appears to have p(?rmitt(?d a very considerable 
volume of material to sink into its fissure. 

The general tendency of this discussion falls in line with a generalization as to the Rift, 
which in the Bolinas-Tomales region appears to show distinctly more local subsidence 
than local ekjvation. 

Earlier fault-traces, — Because the future is to be judged by the past, there is much 
interest in the question of the frequency and recency of fault movements along the Rift 
previous to 19()fi. In my later studies of the Rift belt, I have had in mind the possibility 
of discovcTing fault-traces similar to that of 1906 but less fresh in appearance. In the 
little bluffs at th(? edges of sags, and in the ponds and marshes, then? is abundant evidence 
of ('arly faulting, but it is essc'iitially geologic and does not n(?cessarily pertain to occur- 
rences of the past century or two. The fault-trace, however, is a relatively perishable 
and transient phenomenon, and its preservation might have comparatively definite 
meaning. 

At two localiti(?s I thought I discovered old ‘^traces” of the ridge type. In each case 
th(? features occur on a hill slope? wIktc? the trace made' in 1906 appears in seve'ral elivisions 
or branche?s; anel what I te)e)k te) be olel traces are distinguished chiefly by the absene'c of 
cracks. The? le)caliti(?s are* cleise together, al)out 0.5 mile* south of the Shafter ranch, anel 
may be ielentified by means of plate 43 b. The fe?aturcs occur on the slope at the left, 
but are too ine Infinite to be* recognize'el in the view. If the'se? e)lel trae'C's have' b(?en properly 
ielentifieel, tlu'y are? e)f ve'ry me)ele?rate antiquity. I shoulel suppe)se that the? rielg(?s of 
the rece?nt trace we)ulel lapse te) such a coiielition in four or five years anel that they might 
persist, uneler pasture conditions, for two or three decaeles. The history of the recent 
trace shows that a single plowing means effaceinent, but the ge'iieral appemrance of the 
fie'lel in which the old traces occur indicates that it was ne?ve?r plowe'el. 

Cracks, — In preliminary reports 1 have classifie?el the e?arthquake cracks as pri- 
mary and seconelary, the? primary being occasione'el by strains which existeel be?fore the 
earthquake, and the seconelary being causeel by the c'arthquake. With the multiplica- 
tion of observations this classificatbn has become increasingly difficult, and I now fine! 
it more convenient to group the cracks as superficial anel el(?ep, or superficial and bedrock. 

Many of the superficial cracks are in alluvium. In the field excursions of April and 
May, 1906, they were seen in all alluvial formations within the Rift b(?lt anel for some? 
distance on each side. The greater number ajipeared to be merely partings without 
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vertical or horizontal throw. In general they were not parallel with one another nor 
were they otherwise sjrstematically arranged, except that some of them were apt to 
occur along the boundary between alluvium and a firmer formation. They were ram- 
bling rather than straight and were often branched. They ranged in width from a 
fraction of an inch to several inches. They were seen from the train in the bottom- 
land of Papermill Creek within a mile of Point Reyes Station. They were also seen 
in the delta of Papermill Creek, in the bottom-land of Olema Creek near Olema, and 
in the delta of Pine Gulch Creek. They were seen in the bottom-lands and deltas of a 
number of small creeks entering Tomalcs Bay from the west between Inverness and the 
head of the bay. Other localities were tidal marshes at the head of Bolinas Lagoon 
(plate 49b), at the head of Tomalcs Bay, and in small estuaries near Inverness. They 
were seen in the marsh of Bear Valley Creek near where the stream joins Papermill 
Creek; and a road embankment crossing tliat marsh was elaborately cracked and faulted 
thru much of its extent. 

It is noteworthy that the neighboring road crossing a marshy portion of the Paper- 
mill delta was much less cracked, and the difference is probably to be ascrilied to the 
difference in height and strength of the two embankments. The thinner one suffered 
the more. 

The localities enumerated are merely those which came under observation. Within 
the zone of high intensity no marshes and no bottom lands were .seen which did not 
exhibit cracks, and I regard their cracking as a general phenomenon. The olalmrate 
cracking of a roadway across one of the marshes seems si)ecially significant. In the 
adjacent soft marsh close attention was necessary to discover cracks. To a large extent 
they were concealed by the vegetation, and it is probable also that many which were 
opened during the earthquake agitation immediately closed again and were practically 
obliterated by the welding of the mud. But the road embankment, being free from 
vegetation and composed of comparatively rigid and brittle material, retained all the 
cracks made during the agitation, and thus served to record the thoro shattering of an 
unconsolidated formation when subjected to strong vibration. (Plate 50.) 

Another class of superficial cracks affected hillsides, penetrating only the coating of 
loose msiterial — decomposed rock and talus. The con.spicuous individuals of this type 
are those that follow contours. Along these there was often a notable width of crack, 
accompanied by a settling on the down-hill side, and many cracks of this type arc still 
visible. They arc in effect the heads of incipient landslides and might with equal 
propriety be described under another caption. They are numerous thruout the Rift 
belt and fairly abundant on steep hillsides for more than a mile to the west, blast of 
the Rift they are inconspicuous and b<;liev(xl to be rare. Some of the Ixist exarnj)les 
are on the northeastern slope of Mount Whittenberg, about a mile from the fault-trac-c, 
the locality Iwing favorable for oKservation because of th(i absence of forest. 

Superficial cracks of a third type are connected with sid(!-hill roads. (See plate .51.) 
In such roads there is usually a notch cut in the hillside and the excavated material is 
thrown outward so as to make an embankment. The roadbed thus consists in part of 
the natural formation and in part of an artificial and relatively loose! embankment. In 
the loo.se material, and frequently along the line separating it from the firmcir grouml, 
cracks were extensively developed, often accompanied by evident scittling of the! outer 
bank. Their magnitude depended in part on the character of the matcriaj, but in large 
part also on the intensity of the earthquake. Where they were of such magnitude as 
to injure the roadway they were soon obliterated by road repairers, and elsewhere they 
tended to disappear in consequence of the traffic; but while they lasted they constituted 
an excellent gage of intensity, and mueh use was made of them in districts where there 
were few buildings. 



THE EARTH MOVEMENT ON THE FAULT OF APRIL 18, 1906. 


75 


Bedrock cracks occurred at many points within the Rift, usually appearing as branches 
from the faults. They were seen also at a number of points west of the Rift, their dis- 
tribution reaching to the ocean in the vicinity of Point Reyes, ten miles from the fault- 
trace. At the more remote points they were quite small, often barely discernible, and 
no system of arrangement was discovered. They are peculiarly prominent along the sum- 
mit of the ridge constituting the southwestern rim of the main Bolinas-Tomales trough. 
This summit was visited on four lines of road, and at each locality conspicuous cracks 
were found. On the road from Inverness to Point Reyes Post Office, about a mile in a 
direct line from Tomales Bay, a crack was traced for more than 800 feet. Its general 
trend is east and west, but its course is not straight and it has a branch diver^ng at 45**. 
Along this crack there is a horizontal throw of from 2 to 6 inches, the south side having 
moved westward with reference to the north side. 

On the next road to the southward a group of cracks was seen at a point a mile from 
the shore of Tomales Bay. These cracks occur on a crest trending northwest and south- 
east, and their trend makes a small angle with that of the crest. The arrangement of 
the cracks suggests horizontal shear, but no definite observation was made on this point. 
They extend for several hundred feet at least, but were not traced out. 

On Mount Whittenberg there are two bedrock cracks. One of these crosses the north- 
eastern spur of the peak near its jimetion with the main crest. Its trend is approxi- 
mately northwest and southeast and at one point it margins a fault-sag. As it assumes 
in one place the ridge phase of the fault-crop, I infer that it has horizontal displacement. 
On the opposite side of the main crest is a crack which was traced for about 1,000 feet. 
Its general course is northwest-southeast, but it is not straight and exhibits a vertical 
throw of 1 or 2 feet to the southwest. At one point it touches a fault-sag. Between 
these two long cracks a group of short cracks occurred, with similar trend, on a knob 
constituting a portion of the main divide. 

About 6 miles farther south, at the head of Pine Gulch Creek, another road crosses the 
range, and in following this a group of cracks was seen. A short distance west of the 
divide, and about a mile in a direct line from the fault-trace, is a fault-sag trending 
northwest-southeast. On each side of it a crack was seen, the eastern crack being the 
wider and showing a small throw to the southwest. This crack was traced for about 
0.75 mile and found to curve thru an arc of nearly 90** from southeast to southwest. 
At its southwest end, or at least the southwestern limit of tracing, it is on a ridge, and it 
there expands into, or else is replaced by, a group of cracks diverging fan-wise. On each 
member of the group faulting took place, the downthrow being toward the northwest 
except in the case of two apparently short cracks with downthrow to the southeast. 
On four of these eracks the throw was greater than 1 foot, and at one place it was 
about 5 feet. Each crack was associated with a preexistent bluff or scarp, indicating 
that earlier movements have occurred at the same place. The field in which the prin- 
cipal phenomena occur is cultivated with the exception of the steeper scarps, whose 
faces retain a bushy growth. (See plates 52a and 53a.) 

A tract lying between this locality and the coast, and extending several miles in each 
direction, exhibits a peculiar topography intermediate in type between that of the Rift 
and that commonly associated with landslides. Near the coast are a munber of basins 
with ponds or lakes of much larger size than those along the Rift, and in association 
with these are seen a number of sags similar to the fault sags of the Rift. On several 
lines which were thought from the phymography to represent partings between dis- 
located blocks, earthquake cracks were seen, and on one of these near the coast there 
was a vertical displacement of 3 feet, the downthrow being to the southwest. 

All thru the Rift there is association of earthquake cracks with fault-sags; probsUy 
half of the sags were bordered by such cracks on one side or the other, the crack usually 
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following the line of separation between the side slope and bottom slope. In some 
instances there was a crack on each side of the sag, but more frequently on one side only. 
Where the sag contained a pond the crack was usually present. With little or no excep- 
tion these cracks exhibit downthrow on the side toward the sag. (See plate 52 b.) At 
least two explanations of these cracks are possible. As the bottom of the sag usually 
shows no outcrop of rock and appears to consist wholly of soil washt down from the 
sides, it is possible that the earthquake caused a settling of the alluvium toward the 
middle of the sag and that the marginal crack is due to this settling. On the other hand, 
it is possible that a bedrock wedge underlying the sag was permitted to settle during 
the earthquake and that such settling caused the marginal crack. In the first case the 
cracks would belong to the superficial class; in the second, to the bedrock class. While 
the data at hand are not decisive, 1 am of opinion (as already stated) that the cracks 
resulted from some sort of readjustment of the small earth blocks whose upper surfaces 
determine the Rift topography. 

Springs. — The general testimony of residents is that the flow of springs was modified 
all thru the peninsula west of the Rift. As it was practically impossible to get quantita- 
tive data, I made few records of specific instances, but every farm owner or farm tenant 
of that region with whom I talked told me of some spring whose flow had been increased, 
diminished, or stopt at the time of the earthquake, the change being either temporary 
or permanent. Several lakes of the group near the coast (known as Seven Lakes) expe- 
rienced changes, the greater number having their levels lowered. A pond known as Mud 
Lake, on the divide at the head of Pine Gulch Creek and about a mile from the fault- 
trace, suddenly and pennanently lost its water at the time of the earthquake. At the 
same time a small spring on the east side of the ridge and about 0.75 mile in a direct line 
from the pond, was suddenly enlarged, a torrent of water gushing from it for several 
hours and then gradually diminishing. It is suggested with much plausibility by resi- 
dents that these two phenomena were connected, the earthquake opening a subterranean 
course thru which the water of the pond was conveyed to the hillside spring. I heard 
of no changes in springs east of the fault-trace, altho a number of inquiries were made. 

Interpretation of bedrock cracks and springs. — The changes in springs are of course the 
results of changes in the conditions of underground circulation, and in a general way 
may be ascribed to the influence of newly-formed cracks. The spring phenomena and 
the visible cracks may be grouped together as indications of bedrock fracturing, and 
their distribution indicates the regions in which the rocky foundation of the land was 
more or less shattered. That region includes the Rift and extends from it to the ocean. 
The phenomena diminish somewhat with distance from the Rift, but the fracturing 
appears to have l>ccn important and general thru a belt 4 or 5 miles broad. 

Landslides. — The earthquake started a number of landslides. A few of these were 
on the line of the fault, especially whore its trace intersected a cliff facing Holinas Lagoon. 
Others were from cliffs of earth or weak rock bordering the ocean, one of the bays, or a 
creek. None were seen of unusual type or of great importance, except from the obstruc- 
tions to roads which they occasioned. South of Willow Camp a road overlooking the 
sea had been cut in the face of previous landslides, and the renewed movement put it 
out of commission. In the same manner roadways were obstructed at the entrance 
to Bolinas Lagoon, at two points near the head of the lagoon on the west side, and on 
the coast of Tomales Bay at Inverness. 

There were many landslides of the dry type on hillsides, masses of earth and rock 
breaking away on steep slopes and tumbling to the bottom. The largest seen were on 
the high ridge west of Tomales Bay, in the vicinity of Sunshine Ranch. Closely related 
to these were small falls of earth and rock from the low cliffs created in the construction 
of side-hill roads. (Plate 53o.) They occurred at a few places within the Rift and 


















. Fanlt-Bcarp on earthquake crack. Throw is about 5 feet. Compare Hale 52 A. C. T, C. Landslide from road-cliff about two miles west of Inyemess. Slide occurred at time of 

earthquake. G. K, G. 
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east of it, but mostly in the district to the west, where all of the country roads were more 
or less obstructed. 

On the west side of the main ridge west of the head of TomaJes Bay there occurred 
two wet slides. In one case a hillside bog was loosened from the slope on which it rested 
and descended as a flow of mud to a canyon bottom 100 or 200 feet below. In the other 
case the earth beneath a wet meadow in a rather steep canyon flowed down the canyon 
for about 0.5 mile, overpowering trees on its way and leaving a deposit 15 or 20 feet 
deep in places. This was the largest individual slide observed. 

In all the cases mentioned the conditions were such that slides would have taken 
place at some time had the earthquake not occurred. ^Qut this statement may not 
properly apply to the cases about to be mentioned. 

On the steep southern face of Mount Tamalpais a number of rocks were loosened and 
rolled down the slope, some of them being large enough to cut swaths thru the thicket 
which were visible for months afterward. Similar swaths were seen under a crag in the 
vicinity of Willow Camp. In the bottom-lands of creeks it happened at many places 
that a slice of the alluvium was separated by a crack parallel to the bank and slid into 
or toward the stream. In some cases alluvium lying with a gentle slope adjacent to a 
marsh slid toward the marsh, opiming a crack along its upper edge. 

Mention has already been made of numerous hillside cracks which marked incipient 
landslides. In such cases the downward motion apparently began during the earth- 
quake agitation, but the momentum acquinHl was not sufficient to continue the motion 
after the earthquake stopt. In a very large number of these localities motion was 
resumed and landslides occurred during a period of e;cc(issive rainfall in the spring of 
1907. (Plates 54a and 55a.) So far as my observation goes, all of the landslides having 
this history were wet, the material usually flowing freely down the slope as a thin mud. 
The probable explanation is that the cracks made in April, 1906, served to admit the 
water flowing over the surface during the rains of 1907, so that the material which was 
too dry to flow in 1906 acquired the proper consistency and continued its course the fol- 
lowing year. The; number of landslides which the earthquake induced in this indirect way 
is possibly as large as the number which were an immediate consequence of the shock. 

The phenomena of landslides bring to attention certain conditions of flow which affect 
a variety of earthquake features. Consolidated formations hold steep slopes by virtue 
of cohesion. Incoherent formations maintain the “slope of repose” — 30® to 35® — 
by virtue of the resistance to sliding, or the static friction, of their particles. Certain 
formations, including some clays and clay mixtures, become coherent by drying and 
incoherent by wetting. Incoherent formations, as a rule, have a less coefficient of 
friction when wet than when dry. For these? reasons the addition of water is the ordinary 
immediate cause of a landslide; it overcomes cohesion, or else it reduces the friction^ 
resistance, and slipping or flowing is the result. During a strong earthquake, a^tation 
overcomes the cohesion of feebly-coherent formations and suspends the operation of 
static friction between the particles of incoherent formations, thus affecting the materials 
somewhat as water affects them. In the case of landslides, it may enable an incoherent 
dry formation to flow as if wet; and it may temporarily give to an incoherent formation, 
wet or dry, a condition of quasi-liquidity. 

Ridging and shifting of tide lands, — The general width of Tomales Bay near its head 
is about a mile, tW it is constricted at one point by a promontory jutting out from the 
east shore. (Fig. 24.) Papermill Oeek, entering at its head, has built a delta which 
slopes so gently toward the deeper water that the tides range over it for a distance of 
about 3 miles. The upper half of the slope is covered by vegetation of various kinds 
and the lower half is of bare mud. In the region of vegetation the soil has sand as well 
as mud, and the bed of the stream is of sand and gravel. As the delta deposit has been 
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built up in connection with a shifting of the stream channel, or channels, it is probably 
composed of an irregular alternation of mud, sand, and gravel. The fault-trace, as 
already described, passes thru the midst of the tide lands, following the axis of the 
depression which contains the bay. Continuous with the mud of the lower slope of the 
delta is a mud shoal following the western shore of the bay past Inverness. This shoal 
and other parts of the tide lands were seen soon after the earthquake from the road 
which follows the west shore of the bay to Inverness, and a few photographs were made. 
Other photographs were made at various dates afterwards, and the tide lands were 
explored on foot on April 18, 1907. 

A large portion of the delta was thrown by the earthquake into gentle undulations, 
the difference in height between the swells and hollows being usually less than a foot. 



The chief evidence of this is found in the distribution of pools at low tide, and where 
vegetation is present the evidence from pools is supplemented by that from the condition 
of the plants. The undulations were not elongate and were not found to have a sys- 
tematic relation to the fault. 

When the tidal mud was first seen after the earthquake, it was observed to be covered 
with ridges and troughs. (Plate 54b.) This corrugation was gradually smoothed out by 
the action of the waves (plates 55b and 56a), so that at the expiration of a year its expres- 
sion was largely lost, tho a few of the larger ridges could still be traced, and much of the 
plain retained a patt^ imprest on it by the ridging. It is probable that the entire tract 
of tidal mud was thus affected, altho the ridges were not seen on the area lying nearest to 
the east shore. That area did not come under observation until after the spring floods 



PLATE 54 



A. Landillde 4 mil«i northweit of Bolinu Lagoon. Looking Bontk-Bontkwett. Blido onoroaohos upon a rift pond, oansed direotly 
by rainf oarly in 1907, indirectly by earthquake of 1006. 0. K. a. 



B. Bidgod mud plain 1 mile from InrorneM. LooUng eMt-Bontheait. Mr. Hamilton*! barn at right. April 28, 1006. 
TideialoWi Poda oooupy the doepor tronghsi G. XtQt 
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PLATE 56 A, B 



A. Bidges oansed by eartLqiiake on tidal flat of Tomales Baji 1 mile south of InTerDeiB. Looking north. December, 1906. Q. E. B. 


/ 



Bi Bed-rook shoal near Bolinasy with dam patob near enter edge. Dnzbnry Point and reef in the distance. G. E. G. 



PLATE 56 C, D 



C. Olftm patoli near Bolinai. A bed<rook platform, ezpoied at low tide. Photograpbed Kovember 26, 1906. 



D. Salloomia In Limantoor Baj. Photographed Jnno 0, 1907, during low tide. Showi a platform oorored by an older growth, and 

a oolony of younger pUuti at a lower IotoI. 
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of 1907, and it was then overspread by a fresh deposit brought by Papermill Creek. The 
ridges varied somewhat in height, the amplitude from crest to trough ranging from 1 to 
3 feet and possibly more. Their general trend was parallel to the fault-trace, but there 
were notable exceptions, and over small tracts the direction was even at right angles to it. 
In some cases, where the minor ridges were parallel, there were larger ridges traversing 
them obliquely. Fig. 25 reproduces a sketch map of the local- 
ity showing the greatest complexity. So far as the broad undu- 
lations of the tide lands were seen in conjunction with the 
ridging, the greater ridges were on the swells and not in the 

hollows. ' 

Without going deeply into the question of interpretation, it 
would seem that in the production of this ridging the tidal mud 
must have behaved as a quasi-liquid, being thrown into waves by 
the agitation to which it was subjected. When the agitation 
ceased it became once more a quasi-solid, and preserved the form 
it had at the moment of change. 

There was also a horizontal shifting of mud over a considerable area. Residents 

familiar with depths of water in the vicinity of Inverness stated that the earthquake 

caused a decided shoaling along the coast, but that the relation of water levels to firm 
ground was unchanged. It was also stated that a channel which had existed parallel 
to the west shore of the bay, and to which piers had been run, was obliterated by the 
earthquake. The shoaling might have been caused either by an uplift of the bottom 
or by a shifting of the mud of which it is composed toward the shore. That the second 
of these explanations is correct seems to be shown by the following facts. 



Fiii. 25. — Arrangement of 
ridges on tidal flat near 
Livemess. Map. 




Fia. 20. — Sketch of Inverness piers. Full lines show 
positions of piers after earthquake ; broken lines show 
positions before earthquake. Dotted lino shows shore- 
wanl limit of the shifting of bottom. 

Flu. 27. — Diagrams with exaggeration of vertical scale, 
to illustrate deformation of Inverness piers by shifting 
of mud toward the shore. Bailey’s pier above; Mar- 
tinelli’s below. 


At various places along the shore, from Inverness to a point 1.5 miles southward, the 
tidal mud seemed to be crowded against the firmer ground at the shore, being pushed up 
in a ridge, as shown in the accompanying photograph. (Plate 55b.) Two piers at 
Inverness, light wooden structures, resting on piles and extending out several hundred 
feet from the shore, were telescoped. (Figs. 26 and 27.) In the case of Martinelli’s pier 
the telescoping was shown by the inclination given to piles at the landward and bayward 
ends, from which it appears that the ground in which the piles were set was crowded 
together, so that the foundation of the pier was shortened, while the superstructure 
resisted shortening. The resistance was temporary only, for before the agitation ceased 
the pier was broken in two; and the inclination of the piles is supposed to have been 
^ven during the early stages of the tremor. Coincident with the movement of the 
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ground toward the shore, there was a movement parallel to the shore which had the 
effect of offsetting the outer end of the pier about 25 feet toward the northwest. (Plate 
57a.) The resultant of the two movements, or the actual direction of shifting of the 
mud, was westward, or a little to the north of west; and the maximum shifting in that 
direction was not less than 30 feet. Rather more than half the pier, the part nearer 
the shore, remained straight and suffered chiefly from the slanting of its supporting piles. 
This part stands on the submerged delta of a small creek, and its foundation appears 
not to have shifted. The outer part suffered most violence near the junction of the 
shifting mud with the firmer ground, being there so completely wrecked that its plat- 
form fell. The photograph and map represent it after repairs had been made. 

In the case of Bailey’s pier, which is beyond the delta, the most important telescoping, 
as shown by the slanting of piles (fig. 27), was close to the shore, and nearly the whole 
structure was transported by the shifting mud. It also sagged more than a foot just 
beyond the middle, and the attitudes of the associated piles suggest that the sag cor- 
responds to a hollow made in the surface of the mud. The pier was so badly broken as 
to require extensive repairs, and in making these repairs Mr. Bailey used the old material 
for flooring, but found that he had enough lumber remaining for 12 feet of flooring, so 
that he inferred a shortening of 12 feet. The whole pier was shifted to the northwest, 
being given a curved form (plates 57b and 58), and the maximum amount of shift- 
ing in that direction was at least 25 feet, altho the circumstances did not admit of 
accurate measurement. Combining the movement towwd the shqrc with the offset 
parallel to the shore, it is probable that the direction and the maximum amount of 
shifting were about the same as in the case of the Martinelli pier. 

- It is a notable feature of this displacement that the disturbed material moved up the 
slope instead of down, so that the transfer was not oi^ independent of gravity but 
opposed to it. The phenomenon, therefore, does not fall in the same category with laud- 
slidci, and if properly interpreted it may throw light on the mechanics of the earthquake 
pulses. 

The area thru which the shifting of the mud took place is indeterminate. It affected 
a shoal parallel to the west shore of the bay and more than a mile long. At the piers 
the width of the affected region was at least 400 feet and may have been much more. 
The reported closing of the channel suggests 700 or 800 feet as a minimum estimate, but 
the outer margin of the affected area was probably beneath the water of the bay and 
outside the range of observation. The firmer part of the Papermill delta appeared not 
to be included in the movement. All of the area known to be affected lies southwest 
of the fault-trace, which in that neighborhood is about 2,000 feet from the shore. 

THE QUESTION OF LOCAL ELEVATION AND DEPRESSION OF LAND. 

Introductory. — Dr. C. Hart Merriam was told by an Indian living near Marshall, on the 
northeast shore of Toraales Bay, that since the earthquake the clam belt on that shore 
had been less accessible. The tides also came higher than formerly, the highest tides 
surrounding his cabin, whereas formerly they did not reach it. Mr. C. J. Pease, of 
Olema, also stated that the clam industry on the northeast shore of Tomales Bay had 
been much injured by changes due to the earthquake. Thru President D. S. Jordan I 
was put in communication with Dr. S. S. Southworth, of Bolinas, who reported various 
phenomena indicating a lowering of the land on the east side of the fault, and a lifting 
on the west side. On September 27 and October 15, 1906, being in Bolinas and its 
vicinity, I made a preliminary examination of some of the features described by Dr. 
Southworth. They were of such a character that it seemed desirable to enlist the aid 
of zoologists and botanists, and to this end a conference was soon afterward called in 



plate 57 





PLATE 5S 



“ai^. 



Ai Bftiley’i pier at InyemesB. Anotlier yiewi poiition of camera being approximately same as in making photograph below, taken 

before the earthquake. G. A. Q. 





THE EARTH MOVEMENT ON THE FAULT OP APRIL 18, 1906. 


81 


Berkeley, and arrangements were made for field examinations by naturalists. On Octo- 
ber 26 Professor William E. Ritter and Mr. E. L. Michael went to Bodega Bay, where 
they spent several days, and at the same time Profs. Chas. A. Kofoid, H. B. Torrey, 
and R. S. Holway vbited various points on the shores of Tomales Bay and Tomales 
Peninsula. On November 24 and 25 Professor Kofoid accompanied me to Bolinas for 
the purpose of gathering such evidence as might be afforded by marine invertebrates. 
On March 8-9, 1907, Professor Holway and I visited Bolinas, and on April 9-10 I was 
accompanied by Professor Willis L. Jepson in the same locality. On April 18 I made an 
examination of the Papermili Creek delta at the head of Tomales Bay, and on April 22 
visited the sand-spit separating Bolinas Lagoon from the bcean. The results of these 
various excursions are summarized below, and reports by Professors Ritter, Kofoid, 
Holway, and Jepson arc appended. 

About Bolinas Lagoon. — In presenting the evidence as to land-movements in the 
vicinity of Bolinas Lagoon, first place will be given to testimony of residents, and this 
again will be classified according to locality, beginning with the features west of the 
fault-trace. 

Dr. Southworth has lived in Bolinas several years, and his activities during that period 
have led him into almost continuous observation of the coast and the tide. Tliere is a 
clam patch on the ocean front between Bolinas 
and Duxbury reef (see fig. 28 and plate 56 b), 
to which he has frequently resorted at suitable 
stages of the tide. It has been his custom 
regularly to consult the tide tables to ascertain 
whether the water stage would expose the 
patch. He reports that before the earthquake 
there were ordinarily about four low tides in 
the month, occurring by daylight, during which 
clams might l)c obtained, and that since the 
earthquake twenty or more days are available. 

He infers that the land was lifted at least a 
foot, possibly more, at the time of the earth- 
quake. He states also that about 5 mil^ to 
the northwest there is a tract, exposed only at 
low tide, where abalones are abundant, and 
that people living near there have found them much more accessible since the earth- 
quake t^n before. In Bolinas Lagoon a channel between Pepper Island and the 
mainland is not now navigable at certain tide stages which formerly made it entirely 
navigable. 

Dr. Gleason, owner and master of a vessel plying between Bolinas and San Franciseo, 
states that formerly it was his custom to turn his vessel in the channel between Pepper 
Island and the west end of the sand-spit, but that after the earthquake he found the place 
too shoal, so that, after a number of trials in which his vessel was grounded, he has 
adopted the practice of entering the lagoon stern first, to avoid the turn. 

The following observations pertain to localities east of the fault. A road which skirts 
the northeast shore of the lagoon is not altogether on the mainland, but in places follows 
the strand between high and low water, and if it is used at high water the horses must 
ford. Dr. Southworth states that since the earthquake these fords have become more 
difficult, so that to pass them safely or comfortably they must be reached when the 
tide, as indicated by the tables, is lower than was formerly necessary. Mr. B. C. Morse, 
however, who lives on the mainland east of McKennan Island, and who ordinarily crosses 
the lagoon to Bolinas every day, states that he has noticed no change in the relation of 



Kjo. 28 . ~ HkeU'li map of Boliuas Laf^ooii. Broken 
lines show fault-trace ami its brandies. 
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water to land along his water-front. Dr. Southworth lias found the navigation improved 
at various places in the eastern part of the lagoon, the water being deeper than formerly 
for the same normal state of the tide, and this observation is confirmed by Mr. Morse, 
who now at high tide sails over a portion of McKennan Island which could not formerly 
be crost with a boat. Various residents are of opinion that the sand-spit, except at its 
extreme western end, is lower than formerly. A lady who has lived at Dipsea Inn several 
years states that before the earthquake the spit was overtopt by waves only during 
storms with heavy winds, but that since the earthquake waves frequently wash over it. 

It will be observed that all this testimony, with the single exception of Mr. Morse’s 
observation of water-levels near his house, tends to show a gener^ sinking of the land 
east of the fault, and a general rising of that to west of it. 

Professor Kofoid, in seeking evidence from the distribution of marine life, foimd the 
barnacle the most available form. It is abundant at many places; its shell remains as a 
witness after the death of the animal, and its upward limit bears, at many places, a 
definite relation to the line of high tide. The best places found for observation were 
certain groups of piles at Bolinas and along the northeast shore of the lagoon. From a 
study of these localities it appeared that in the upper part of the barnacle zone the per- 
centage of dead shells is notably greater on the west side of the fault than on the east 
side, but there is not a well-marked zone of dead barnacles on the west side, nor is there 
a zone of exclusive young barnacles on the east side. The evidence thus gives a qualified 
support to the theory of elevation and subsidence. Outside the lagoon, on the open 
sea-front, the upper limit of barnacles is too indefinite and irregular to be available for 
a study of this character. 

Visiting Pepper Island in company with Professor Holway, I found the position of 
the fault-trace clearly indicated by a difference in the color of the veg<5tation. The island 
is low, only a narrow strip at the south remaining above water at ordinary high tide, 
and from this strip there is a gentle slope toward the north and northwest. The vegeta- 
tion on the highest part is somewhat varied, but the lower slopes are occupied almost 
wholly by a single species of SaMcomia (pickle- weed). This is locally the lowest lying 
of the shore forms, and it descends the slope to a somewhat definite line beyond which 
the mud is bare. It is evident, therefore, that its lower limit is determined purely by 
physical conditions and not at all by the competition of other plants. It is thus pecul- 
iarly sensitive to changes in the relation of land to water. West of the fault a broad 
area covered by this plant presented, at the time of the visit, a brownish-green color, 
while the adjacent areas east of the fault had a dull brown color. The contrast was so 
strong that the eye could readily trace the line of the fault. We found also that the 
ground east of the fault was, in general, lower than the ground at the west, and 1 after- 
ward made a series of measurements showing the average difference in elevation to be 
12 inches. 

Pepper Island was subsequently examined by Professor Jepson, who not only traced 
the brown color of the Salicomia to an abundance of dead and dying plants, but found 
considerable corroborative evidence in the condition of other species living at slightly 
higher levels. On McKennan Island a similar condition was found. The island is girt 
by a zone of Salicomia, the outer or lower belt of which was found to be brown. A single 
measurement of the vertical range of dead and dying plants gave 10 inches. 

The northeastern shore of the lagoon was examined for evidence of similar character, 
but the result was less satisfactory. The lowest plant growth is not everywhere the 
same and the local conditions are materially different. The slope is less gradual, the 
soil is more gravelly, and there is deposition of detritus eroded from the land by streams 
and waves. At some points a bolt of plants at the extreme limit appeared to be suffer- 
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ing from some adverse condition, but elsewhere the normal green color was continued 
to the lowest limit. At the head of the lagoon and just to the east of the fault-trace is 
a considerable tract of Sdicomia, of which the low-lying parts showed a brown color, 
but the distribution of vigorous and sickly plants was less simple than on the island and 
its causes were not fully understood. 1 afterwards visited the north slope of the spit 
to sec if the condition of its vegetation corresponded to that on the islands, but found 
the evidence complicated by another factor. The overflow of the spit by waves during 
the past winter had washt a considerable amount of sand down the north slope, and this 
sand suffocated large tracts of SaMcomia and other plants. 

In the discussion of these data, the first point to be noted is that the killing of Salicomia 
thru the lower part of its zone definitely indicates a lowering of the ground on which it 
stands. The plant normally travels down the slope as far as it can tolerate the tidal 
submergence and there stops; and its inability to sustain itself in a well-defined belt 
constituting the lower part of its former range shows that the submergence in the belt 
has become intolerable. The amount of submergence is shown by observation 
on McKennan Island to be at least 10 inches, and if allowance is made for a certain 
amount of lag in the response of the plant to change of condition, the lowering of 
the land may have been several inches more than this. If McKennan Island and the 
eastern part of Pepper Island subsided the same amount, it is probable that the only 
change on Pepper Island was a subsidence of its eastern part, the western part remain- 
ing at its former levd. In that case the amount appears sufficient to account for the 
overwashing of the spit, altho no measurement is there practicable. 

The tract of land, whose subsidence appears to be demonstrated by the botanic evidence 
and the overtopping of the spit by waves, is bounded on the southwest by the fault, but 
its other limits are not known. In the immediate vicinity of the fault it may reach the 
head of the lagoon; that it does not extend beyontl Ls rendered probable by the fact that 
there is no vertical dislocation in the fault-trace at a point about one mile northwest of 
the lagoon where the trace is favorably exposed on flat ground. It may be possible that 
the area of 8ubsi(l(;ncc is limited on the northeast along an old line of dislocation which 
coincides approximately with the northeast side of the lagoon. This dislocation lias not 
been determined by a study of the geologic structure, but is indicated by the physi- 
ography, and was presumably concerned in the making of the basin occupied by the 
lagoon. 

The evidence of elevation west of the fault is ksss coherent. Dr. Southworth’s observa- 
tions on the clam patch give a presumption in favor of elevation, but they are not well 
supported by the evidence from barnacles and plants. The botanic evidence indicates 
that the entire dislocation shown by the measurement on Pepper Island is a subsidence 
on the cast and does not include elevation on the west. The evidence from the barnacles 
suggests, without proving, a slight elevation at the Bolinas wharfs, but by no means indi- 
cates so great an elevation as would be necessary to account for the increased facility in 
reaching the clam patch. Dr. Gleason’s retiort of the shoaling of water in a channel near 
Pepper Island undoubtedly shows a local change, but such a change may have been pro- 
duced by a horizontal shifting of unconsolidated material such as occurred in Tomales 
Hay. On the other hand, it is not possible to explain the phenomena of the clam patch 
by a hypothesis of shifting bottom, for the sand in which the clams live is contained in 
shallow basins of visible bedrock, and any change in the relation of surface to tide at that 
point is a bedrock change. As the Rift bolt with its numerous earlier dislocations ex- 
tends nearly to the clam patch, it is not impossible that there were differential movements 
west of the fault-line and that the ground occupied by the clam patch and the abalone 
patch rose independently of the western division of Pepper Island. 
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Abotd TomaUs Bay. — Professors Kofoid, Torrey, and Holway examined practically 
the whole shore of Tomales Bay, and also visited the outer or ocean side of Tomales 
Point. Their attention was directed especially to the condition of barnacles at the upper 
limit of the zone of marine life, and the evidence they found does not show any change in 
level, either by elevation or subsidence. It is their opinion that the injury to the clam 
industry along the northeastern shore of the bay is referable to other causes, including at 
some points the exceptional inwash of detrital material from the shore, and at others the 
shifting of loose material toward the center of the bay. 

After the discovery of the vertical dislocation in Pepper Island, I visited the Papcrmill 
delta at the head of Tomales Bay in search of similar evidence of displacement, but failed 
to discover it. There arc on the delta several tracts on which water stands after the fall 
of the tide, and the plant growth, especially Salicomia, shows deterioration in these areas; 
but the areas are not systematically related to the fault-trace. They occur on both 
sides and at least one of them is intersected by the trace. They constitute part of the 
evidence of a gentle, broad undulation of the delta surface, which appears to have been 
occasioned by the earthquake. A tentative theory to account for this undulation is 
that lenticular bodies of soft clay, included in the delta deposit, experienced a certain 
amount of flow during the earthquake period. The lane of water following the fault- 
trace, and described on an earlier page, is an independent phenomenon closely asso- 
ciated with the fault, and the depression causing it does not extend indefinitely toward 
the east. In a general way, the half of the delta east of the fault stands as high as the 
half at the west. On the lower slope of the delta, beyond the region of plant growth, 
there is a tract east of the fault which received the principal deposit of sediment brought 
by the floods of 1907. The localization of this deposit suggests that the transporting 
current may have been guided by a depression of the surface, but if so the depression was 
not bounded on the one side by the fault lino; its southwestern boundary is a distributary 
of the creek. As the tract on which this deposit took place is opposite a portion of the tract 
in which mud was shifted toward the southwest shore, it seems possible that the area of 
shifting here included practically the whole width of the bay, and that the resulting ele- 
vation of the bottom toward the west was accompanied by a lowering of the bottom 
toward the east. In that case, the apparent lowering of the clam zone at varioas points 
on the northeast shore may be correlated with the phenomena near the head of the bay, 
and the whole ascribed to a general shifting of loose material in the bottom of the bay 
toward the west. 

Bodega Bay. — As the title of Bodega Bay is variously applied on different maps, it is 
proper to specify that the body of water here intended is the land-lockt lagoon cast of 
Bodega Head, and not the open roadstead farther south. Professor Ritter examined 
this with care, studying especially the distribution of barnacles, and foimd no evidence of 
absolute or differential change of level. 

Summary. — At Bolinas Lagoon, subsidence occurred east of the fault, its vertical 
amount being approximately a foot. The subsided tract included the greater part of the 
area of the lagoon, and may have had its eastern limit along the eastern shore of the 
lagoon. The subsidence was possibly a continuation of the local movement of disloca- 
tion by which the basin containing the lagoon was created. There may have been local 
elevation of a tract extending from Bolinas westward and northwestward. The evidence 
is not demonstrative, but leaves a presumption in favor of such elevation. 

About Tomales Bay and Bodega Head there wiM probably no appreciable change in 
the general elevation of the land, most facts which tend to show such change being 
explained by assuming that in Tomales Bay there was a general shifting of mud and 
other incoherent material toward the west. Such shifting had been fully demonstrated 
in the vicinity of Inverness. 
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PoaUscript. — Since the preceding paragraphs were written, some additional data have 
been gathered bearing on the question of the elevation of land between Bolinas and Point 
Reyes. As the most satisfactory biolo^cal evidence with reference to changes in level 
had been found in the response of the plant Salicomia, it occurred to me that pertinent 
information might be obtained by examining the lower limit of land vegetation at Liman- 
tour Bay. That bay is an extensive, ramifying, drowned valley lying east of Point Reyes 
promontory. It is separated from the ocean by a spit, past the western end of which a 
channel is maintained by tidal ciurents, just as in the case of Bolinas Lagoon. The 
eastern end of the bay is at the western base of the ridge bounding the Bolinas-Tomales 
trough, and is 8 or 10 miles northwest of the abalone locality. 

If the land in this locality was raised at the time of the earthquake, the height of the 
tide at all stages, with reference to the land, would be lower; and the lower limit of Sali- 
comia, being dependent on the relation of the land to tide water, would descend the 
slope in response to the change in level. The feature, therefore, to be lookt for was a new 
growth of Salicomia at a lower level than the older growth. Such new growth was 
actually found (June 5, 1907), not in a continuous belt, but in numerous patches hav- 
ing certain common characteristics. 

At the points visited the tide marsh characteristically ends in a little step or bluff about 
8 inches high. Above this step the gentle slope is covered by a mat of vegetation in 
healthy condition, the dominant plant near the step being Salicomia. Below the step 
is a mud surface, which usually inclines more rapidly than the platform above. If I 
understand the origin of this topography, the step has arisen from the gradual bayward 
extension of the platform, which, by reason of its vegetal covering, is enabled to arrest 
mud suspended in the water. There is also doubtless an accumulation of the roots and 
stems of the Salicomia. In places there are outl 3 dng platforms of the nature of 
islands and similarly covered by Salicomia. On the other hand, the broader platforms 
are interrupted by channels thru which the tidal waters escape, and there are also lake- 
like hollows abruptly margined by steps a few inches high. The slope below the step 
is ordinarily of bare mud, but on it are numerous patches of young Salicomia, and 
there arc similar tracts in tidal channels and in some of the lake-like hollows inside the 
platform. The vertical range of this young growth is quite definite, its lower limit 
being from 13 to 10 inches below the outer edge of the platfonn. In some cases the 
young growth is straggling, but usually it makes a mat as close and complete as on the 
platform above, and tlie height is nearly as great. It is distinguished from the older 
growth chiefly by a slight difference in color. Whether such a luxuriant and dense 
growth of Salicomia could 1)C produced in the period of 13.5 months, I am not preparcMl 
to say. Except for that doubt, however, the phenomena are just such as would be 
expected to follow an elevation of the land. 

In an estuary at the edge of the bay were two fence stakes on which barnacles were set. 
At the upper limit of the barnacles, I examined a dozen individuals, finding them all alive, 
and I saw none of the adherent plates which remain after the death of the old barnacles. 
I did not learn the history of these stakes. If placed after the carthciuakc, the evidence 
of the barnacles would not be in point. If placed before the earthquake, the evidence 
of the barnacles, so far as it goes, is opposed to that of the new colonies of Sdicamia. 

Second Poatscript, added to proof aheeta in November, 1907. — Early in October, 1907, 
Dr. S. S. Southworth reported that the clam patch near Bolinas had again become 
less accessible, its relation to tides being practically as before the earthejuake. The 
apparent change was not associated with any precise date, but it had been suspected 
since the middle of summer. On October 17 I visited the locality, selecting a time 
when the predicted sea-level at low tide- was approximately the same as on Novembcir 
25, 1906, when I had taken the photographs reproduced in plate 56b and plate 56c. 
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For November 25, 1906, the predicted height of low-water at the San Francisco entrance 
was 2.1 feet; for October 17, 1907, 2.2 feet. The comparison of the clam patch with the 
view made eleven months earlier showed a marked difference, a much larger area being 
submerged at the later date. Four days afterward, when the predicted height of low- 
water was 0.3 foot, 1 again compared the appearance of the clam patch with the photo- 
graph, finding the wateivstage somewhat lower than when the photograph was made. 
As the tide rose its stage was found to coincide with that shown by the photograph 
one hour after low-water, and the calculated allowance for the corresponding change in 
water-level at the San Francisco entrance is about 0.3 foot, so that the predicted tide- 
stage for that moment was 0.6 foot. As the predicted stage at the time represented 
by the photograph was 2.1 feet, there was an apparent discrepancy of 1.5 feet. If this 
was occasioned by a change in the height of the ground at the clam patch, then there 
was a subsidence of 1.5 feet between November 25, 1906, and October 21, 1907. Before 
accepting so important a conclusion it should be checkt in every practicable way, and 
especially by comparing the watei^stages at the clam patch with simultaneous water- 
stages as recorded at the tide-gage station of the U. S. Coast Survey in the entrance to 
San Francisco Bay. The distance of that station from the clam patch is about 15 miles, 
of which one mile is inside the narrowest constriction of the Golden Gate. On the days of 
observation at the clam patch the sea was calm, except for a moderate groundswell, so 
that the normal equilibrium of the water-surface between that point and the tlde-gago 
was presumably not impaired by nietcorologic influences. Off the clam patch the 
groundswell broke at a distance from the shore, leaving the water so quiet at its actual 
margin that its level could be observed with little error. The general and local conditions 
were thus favorable for a comparison of water-stages at the two points; and the numer- 
ous details of the photograph of November 25, 1906, made it possible to identify, with 
close approximation, the arrival of the tide at the same plane on October 21, 1907. The 
observations at the tidal station, for which I am indebted to Capt. Aug. F. R.odgers, 
Assistant U. S. Coast Survey, were made with the tide-staff at low-water, and are referred 
to the arbitrary zero of the tidal station. 

Febt 

At low-water on the afternoon of Nov. 25, 1906, the tide-staff reading was 6. 10 

At low- water on the afternoon of Oct. 21 , 1907, the tide-staff reading was 5.61 

In the hour following low-water the computed rise of the tide was 0.3 ft.; and this 

gives as the height of water at the time of the observation at the clam patch . . .5.91 

Difference 19 

Thus the discrepancy of 1.5 feet, deduced from a consideration of the predicted tides, 
is reduced by a comparison of the observed tides to about 0.2 foot, a quantity so small as 
to be referable to errors of observation. 

Before tide-gage records were obtained I had revisited Pepper Island and Limantour 
Bay. On Pepper Island the vertical dislocation was remeasured and found to be un- 
changed. At fjimantour Bay the subject of examination was the condition of the new 
growth of Salicomia. If the land had subsided since the preceding June, the colonies 
of SaKcomia which had invaded the mud flat (plate 56d) would have been subjected to 
unfavorable conditions, and might be expected to show the influence of those conditions. 
All the colonies that had previously been observed were reexamined and they were 
found, without exception, to have deteriorated. The green heads, which had formerly 
testified to their lusty growth, had become much less numerous and were modified in 
color; their stems were blackened on the surface and had become somewhat curled, 
and in general they appeai'ed less healthy than the plants of the same species growing 
at higher levels. Where the slope was continuous, there was a fairly sharp line of separa- 
tion between the healthy and unhealthy plants, and two measurements indicated the 
zone of impairment to have a vertical range of 10 inches. 
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The comparative observations of water-stages show that the land at the locality of the 
clam patch has not recently undergone the suspected depression, as compared to land at 
the tidal station near San Francisco. If an important change has taken place at one 
locality, it has affected the other also. On the other hand, it is noteworthy that Dr. 
Southworth’s observations at the clam patch (first of its increased accessibility, and 
after of its decreased accessibility) led to two predictions as to the condition of Salv- 
comia in Limantour Bay, both of which were verified. Their success in prediction gives 
assurance that they record an actual change of some sort — a change not restricted to the 
locality of the clam patch. The two lines of evidence taken together — the leveling by 
water-plane from the tide-gage to Bolinas, and the observation of shore conditions at 
Bolinas and Limantour Bay — suggest the possibility of a general change in the relation 
of land to sea, affecting the whole coast from San Francisco to Limantour Bay. So far 
as the observations go, such a change might pertain to either land or sea. In the line 
of this suggestion it is to be noted that November 25, 1906, falls within a period of excep- 
tionally low tides at San Francisco entrance. For 21 low tides, from November 20 to 
November 30, the mean of the observed heights was 1.08 feet below the mean of the 
predicted heights. From October 17 to October 21, 1907, on the other hand, the mean 
of 10 observed tides was only 0.32 foot below the corresponding mean of predicted tides. 
The subject appears to deserve further investigation and discussion than is practicable 
while these pages are in press. 

The observations which occasioned this postscript, while suggesting lines of enquiry 
which may profitably be followed, do not materially affect the conclusion already sum- 
marized as to local changes in the elevation of the land. A tract, including the east part 
of Pepper Island and much of the area of Bolinas I^agoon, subsided at the time of the 
earthquake, the amount of subsidence at the point of most satisfactory measurement 
being 12 inches. The region west of the fault, including the ocean coast from a point 
near Bolinas to Limantour Bay, may or may not have been uplifted at the same time, 
and may or may not have subsequently subsided. The evidence is incomplete and 
apparently somewhat conflicting. 

Special reports on the biologic evidence follow. 
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REPORT ON A BIOLOGICAL RECONNAISSANCE OF BODEGA BAY REGION. 

Br William E. Ritteb. 

Accompanied by Mr. E. L. Michael, I examined the Bodega Bay region on October 26-30, 
for evidences of a faunal modification resulting from the earthquake of April 18, 1906. 

My first effort was to secure information from residents of the district bearing on the 
question. A number of families living on the shores of Bodega Bay have their dwellings 
close to the water’s edge. Since the bay is small, closely land-lockt, and hence especially 
free from surf, and since these families spend much time on the water with their small boats, 
which they beach on the gradually shelving shores or tie to their little private piers, it 
seemed that their testimony would be peculiarly reliable. It appeared that any appreciable 
change of level of the water along the shore or any noticeable effects on the shore life would 
hardly escape detection. I talked with five persons of this sort, each by himself. All were 
unequivocal in affirming that neither the level of the water nor the animal life of the bay 
were in any wise altered by the earthquake. 

The earthquake fault at the only point at which it has been located here, passes thru the 
sand-dunes at the head of the bay ; and from its general course and the place where next 
observed to the south, must have past nearly parallel with the eastern shore of the bay and 
either have followed the shore or have been to the landward of the shore. In other words, 
nearly if not the whole of the bay, together with the peninsula of which Bodega Head is a 
part, is on the west or seaward side of the fault. All the facts we were able to gather by 
direct observation pertain to the rocky shore of the bay side of the peninsula. Since the 
rock here is a firm granite, and since in some localities the walls arc nearly perpendicular, 
are even-faced, and are washt by the waters thruout the day excepting at extreme low tide, 
they are very favorable for furnishing testimony of the kind sought. The question to 
be answered was : Do the organisms that live immovably fixt to the rocks show evidence of 
having either extended or withdrawn the upper limit of their vertical distribution within 
recent time ? The organisms that would be available as testimony would be those that are 
most permanent in structure, and extend up to the very limit of the high tide. Of first 
importance are the barnacles, two species, Balaniis balanoidea and Chthamalua stellatus. 
A species of Mytilus, and perhaps one or two species of marine algae, are also more or less 
available. Our attention was given to the barnacles chiefly, but somewhat to the mussels 
also. Neither of us was sufficiently familiar with the algae to make much use of them. 

We could get no evidence that any of these organisms had either extended or witli- 
drawn their limits of distribution. In the absence of accurate knowledge on the rate with 
which barnacles develop, there might be some uncertainty as to whether the limits had been 
extended ; since, however, the individuals at the upper limit were not found to be in general 
smaller than those farther down; and further, and still more importantly, since the remains 
of dead individuals were quite as numerous proport ionally in the upper zone of distribution 
as in the lower, we could but conclude that there was an absence of evidence of extension. 
In other words, there was no evidence of subsidence of the shore. 

As to the question of whether the shore has been elevated at this point, the evidence 
I think is more positive. Not only is there lack of proof that elevation has occurred, but 
there is ample proof that it has not. This is furnished by the barnacles chiefly. On the 
vertical granite walls above mentioned, these organisms almost completely cover the sur- 
face up to about 7 feet above mean low water. As already stated, the remains of dead 
individuals are uniformly distributed thruout the area; or, to speak more accurately, 
they are not more numerous proportionally in the upper limit of distribution than in any 
other portion, as would surely be the case had the upper limit been lifted above the former 
high-water mark. It should have been pointed out that the 7 feet to which the barnacles 
extend must be very near, if not quite the limit, of high tide. 

The character of the remains of dead animals is such as to preclude, I believe, being 
misled by the facts. In addition to the heavy calcareous wall which characterizes the super- 
structure of the animal, there is a well-defined continuous platform closely fused to the sub- 
stratum to which the animal adheres. After death the superstructure of the shell falls 
away, leaving the platform as a smooth, hard, calcareous scab clinging to the rock. This 
is very durable, as one can see by observing old piles that have been taken from the water 
and to which these barnacle remains cling. Had any appreciable elevation of this shore 
occurred, there would surely be a zone of dead barnacle shells at the upper range of the 
distribution. The testimony of the mussels, so far as it goes, is confirmatory of that fur- 
nished by the barnacles. 
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REPORT ON A BIOLOGICAL RECONNAISSANCE OF TOMALES BAT REGION. 

Bt Charles A. Kofoid. 

On October 26-28, 1906, in company with Profs. H. B. Toircy and R. S. Holway, I made 
an examination of the shore of Tomales Bay to obtain evidence of faunal modification 
resulting from the earthquake of April 18, 1906. The places specially examined were as 
follows: the northeast shore from Millerton to Preston Point; Hog Island near the mouth 
of the bay; the southwest shore from near Tomales Point to the region opposite Marshall, 
and from Inverness to the head of the bay. The outer face of Tomales Point was also 
explored for a short distance near ‘‘Shell Beach.^* 

Search was made for evidence of a change in level in the two^ides of the bay and especially 
for evidence of depression of the northeast shore and elevation of the southwest shore. 
For this purpose critical examination was made of barnacles in situ on rock in place along 
the shores between tide levels. The fauna of the bay includes no generally distributed 
organisms attached to rock within tide levels except the barnacles (Balanus sp.). Mussels 
are rare and there are very few attached seaweeds far from the mouth of the bay. 

The barnacles are, however, sufficiently abundant and widely distributed to afford an 
excellent index to any recent change in levels. If the northwest shore line, about 0.5 to 
1.5 miles from the main earthquake trace, had been deprest even a few inches we might 
expect to find young barnacles, the young of the year which are easily distinguished by 
their brownish-gray color, softer texture of the shell, and certaip structural features, in- 
vading the new territory above the old to an extent equivalent to the depression. If the 
southwest shore had been elevated, we should expect to find a number of dead barnacles in 
the region above the old barnacle limit and a relative absence of young in the upper levels. 
The upper limit of the growth of barnacles lies below the level of highest tides, and is more 
or less distinctly marked, according to the exposure to prevalent currents and wind and to 
exposure to the sun; and it is also modified by the slope and texture of the substratum. 

The two shores present strong contrasts in the matter of exposure to prevalent winds, 
to the sunshine and in the texture of the substratum, the rocks of the northeast shore be- 
longing to the Franciscan, more or less metamorphosed, and those of the southwest shore 
being of a granitic nature. These contrasts produce considerable modifications in the dis- 
tribution of the barnacles. 

A critical examination of the data reveals no conclusive evidence of any recent change in 
the distribution of barnacles that can be attributed to a change in the levels of rocks in place. 
There is no sharp and uniform contrast between the two sides of the bay in the matter of 
the distribution of these organisms. There is no uniform or extensive invasion of higher 
levels by young barnacles on the northeastern shore and no marked destruction of old 
barnacles and absence of the young at high levels on the southwestern shore. The conclu- 
sion is reasonably certain that there has been no appreciable change in levels of either shore 
as a whole. 

p]special care was taken with the examination of the rocky shores of Preston Point 
which is crost by the main fault, but even here there is no biological evidence of a change in 
levels on the two sides. In many regions barnacles have been killed in great numbers, 
apparently by silt in the waters. In other cases barnacle-coated substrata have been shifted 
with the mud, sand or gravel in or on which they lie, but such changes are of a local or super- 
ficial character. Hog Island, which lies very near the line of the fault but is not crost by it, 
shows no uniform change in its barnacle fauna. The outer sea-cliff of Tomales Point, tho 
very much shattered and with considerable talus from rock falls resulting from the earth- 
quake, shows no disturbances in its fauna traceable to seismic movement. Local testi- 
mony of dealers in fish, of fishermen and of clam diggers indicates a great falling off in ship- 
ment of clams since the earthquake, traceable to departure of clam diggers, destruction of 
clams in places, by shifting of clam beds or their burial with detritus from cliffs. No change 
of levels which might not be traceable to shifting of loose deposits was noted. 

There was local testimony of increased wash along the railroad embankment skirting 
the northeastern shore, or sinking or rising of known shoals in the bay, and of a depression 
of the gravel spit on which the fishing village stands. Probably all of these phenomena 
are explicable as the results of local loosening up of the railroad embankment and shifting 
of loose deposits, rather than as a result of a general movement of the earth’s crust. 
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REPORT ON A BIOLOGICAL EXAMINATION OF THE BOLINAS LAGOON REGION, 

NOVEMBER 24-^5, 1906. 

Bt Charles A. Kofoxd. 

Bolinaa Lagoon. — The distribution of barnacles along the shore, on the piles, etc., was 
examined with reference to possible changes in level, near Bolinas wharf on the western 
side of the lagoon and on Morse's wharf on the eastern side, the principal locations on which 
barnacles occur about the bay. In neither case was there evidence or local testimony of 
disturbance in levels of the ground on which the barnacle-bearing substrata were located. 
The possibility of local slumping of soil is not, however, entirely excluded. No barnacles 
on rock in place were observed in the bay. 

There is no evidence from the distribution of barnacles of any change in level of the 
eastern side of the bay. There is neither any marked destruction of old or absence of young 
in the upper levels such as would follow elevation, nor any marked recent occupation of an 
upper belt by young barnacles such as would follow depression. On the western side of the 
bay, on the piles of the warehouses at the landing, there was a faintly defined zone 6 to 8 
inches wide in which the proportion of dead barnacles was unusually large. The percentage 
of dead in the uppermost levels on Morse’s pier on the eastern side of the bay varied from 
2 to 35 per cent with predominant range of 10 to 20 per cent. On the piles on the western 
side at similar levels, the proportion of dead was predominantly 40 to 60 per cent and not 
infrequently ran above these figures. Below this upper belt there was frequently less de- 
struction and a relatively greater number of young than was found in the uppermost levels. 
It may be that this destruction was due to elevation, tho the uppermost belt of barnacles 
is still just submerged at a 5.4-foot tide. It might also be due to the considerable increase 
of silt attendant upon the large amount of talus shaken into the bay and along the adjacent 
shore line by the earthquake. The fact that barnacles attached themselves to and throve 
on buildings thrown into the bay not far from the piles in question, would indicate that 
destruction by silt was confined to the time of the earthquake or that destruction did not 
take place as a result of silt. 

The ^'studio building” at Bolinas, which was thrown into the bay by the earthquake 
and raised some months later, was well covered on submerged portions by barnacles, mainly 
half or two-thirds grown. This fact makes it certain that the young barnacles have been 
attached in large numbers since the earthquake, and that their distribution, therefore, 
affords critical evidence of change in levels. 

The Sea Coast Line. — The evidence here from the distribution of barnacles is inconclu- 
sive, owing to the great range of movement of water in the breakers and the relative scarcity 
and small size of the bamades present. There was no evidence of any change of levels, but 
their numbers are probably too small to afford evidence of a movement of a few feet only. 

The Clam Patch. — The evidence of elevation here is entirely in the nature of testimony. 
The barnacles on rock in place in this region are too near the low-tide level to afford a satis- 
factory criterion. A few rocks in place near the upper levels show no trace of extensive 
destruction of barnacles such as might follow an elevation of 1.2 feet which Dr. Southwort«h 
believes to have taken place. But here again the biological evidence is too incomplete to 
have much weight. There is no doubt that there were clams in a shallow gravel bed 
resting on rock in place and abundantly exposed at a 2.1 -foot tide. 

In my opinion, from the evidence in hand, there was no depression of the eastern margin 
of Bolinas Lagoon as the result of the earthquake of April 18, 1906. Dr. Southworth’s 
testimony, taken in conjunction with the destruction of barnacles in the upper levels on 
the western side of the bay, suggests the possibility of a small elevation on that side. 
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EXTRACT FROM REPORT ON A RECONNAISSANCE OF TOMALES BAT REGION. 

By R. S. Holway. 

Below is a copy of the few notes made by me during the trip to Tomales Bay, October 
26-28, 1906. The object of the trip was to examine the shore lines of the bay for indica- 
tions of recent changes in level as shown by the effects on animal life. Drs. Kofoid and 
Torrey, the biologists of the party, recorded observations in detail and I have merely the 
general note as follows ; 

** The upper limit of barnacles was found to be a quite sharply defined line on the rocky 
shores of the bay. Any recent change in level of a foot or more would have been easily 
detected in my judgment. No evidence of such change was found. . . 


REPORT ON AN EXAMINATION OF PLANTS ON PEPPER ISLAND, BOLINAS LAGOON, 

APRIL 9, 1907. 

By Willis L. Jepbon. 

Salicomia ambigua Michx. Fickle-weed. — This is the most abundant species and forms 
extensive colonies on both sides of the fault-trace. The difference in color of the areas on 
the two sides of the trace at once strikes the eye, the east area being dull or dead brown, 
the area west a livelier or greenish brown. This difference in color was found to be corre- 
lated with a difference in health. The plants west of the fault are in normal condition; 
the plants east of it are either dead or dying. Dead plants still standing show wasted or 
shrunken black stems. Dying plants show shrunken main axes bearing above a few short 
joints of green which are very much thicker than the main axis. In the normal plant the 
joints are no thicker or scarcely thicker than the main axis. A broad and very marked 
zone of dead or dying Salicomia surrounds McKennan Island which lies east of the fault. 

Statice Limonium L. var. californica Gray. Sea Lavender. — Rather common in small 
areas on both sides of fault-trace. West of the fault plants are in normal condition, with 
large bright green leaves. East of the fault plants are dead or unhappy. Dead plants 
consist of nothing but caudices or short branching stems which form miniature forests 
of black stumps in the lowest places. Unhappy plants are those stru^ling to maintain 
existence and showing only a small tuft of small leaves. Similar colonies of dead plants 
were found on McKennan Island. 

Orindelm cuneifolia Nutt. Marsh Grindelia. — The majority of the plants east of the 
fault are dead. Many plants west of the fault are dead, especially immediately west of 
the fault. The dying out is, in the main, doubtless due to old age in the colony. 

Mesemhryanthemum (pquilaierale Haworth. Sea Fig. — Plants immediately west of the 
fault were healthy. One plant was found immediately east of the fault; this was killed 
completely. 

Distichlis spicata (L.). Salt-grass. — Plants west of fault were thriving more than plants 
east in adjacent areas. (This species ranges to 600 feet above the sea.) 

Frankenia grandifolia C. and S. Yerba Reuma. — Similar slight differences as in the 
preceding case. 

Triglochin marUima L. Arrow-grass. — Coming up freely like young blades of grass 
west of the fault. Not appearing at all or reluctantly on east side. 

Jaumea carnosa Gray. Fleshy Jaumea. — Less readily found on the east side of the 
fault. Plants on the west side were in somewhat better condition. 

Populus species. Planted. — All individuals on east side of fault were dead. 

Summary, — The difference in the health of the plants east and west of fault-trace indi- 
cates comparatively recent changes in conditions and would be explained by the assumption 
that there had been a change of level east of the fault. If there has been no such change 
it would be difficult to say why the affected areas should conform closely to the fault-trace. 
The plants on McKennan Island were also examined. The argument in favor of assuming 
a depression for Pepper Island east of the fault would hold good for McKennan Island. 
On the other hand, I should be strongly against the opinion that the condition of shore-line 
plants indicated a change in level on the east shore of Bolinas Lagoon. 
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MUSSEL ROCK TO CRYSTAL SPRINGS LAKE. 

Covers of Ote favU-brace. — The point at which the fault-trace intersects the shore, on 
emer^ng from the ocean on the south side of the Golden Gate, is only approximately 
known. About 0.875 mile to the southeast of Mussel Rock, it has been located with 
precision at its intersection with the wagon road on the west side of the coastal ridge a little 
below its crest, and thence followed continuously for many miles. Projecting its course, 
there determined, in a northwesterly direction, it would pass out to sea in the midst of 
the large landslide which scars the coast immediately to the north of Mussel Rock, where 
the basal beds of the Merced series rest upon the older rocks. At the time of the earth- 
quake there was an extensive movement of the landslide, and a tongue of landslide mate- 
rial, about 50 feet high and about 200 feet wide, was projected into the ocean across the 
narrow strip of beach.* This movement naturally obscured all evidence of the position 
of the fault-trace, which was doubtless overridden by the slide. All about the crest to 
the east of the landslide, and on its south side, the ground was greatly disturbed by fresh 
landslide cracks, scarps, and fissures, extending well back from the edge of its encircling 
cliffs. It appears to be probable that not only did the movement of the landslide obscure 
the evidence of the fault-trace, but also that the latter was here diffuse and scattered, and 
that the displacement was superficially taken up by the plasticity of the landslide material. 

From the point southeast of the Mussel Rock slide where the fault-trace resumes its 
definite and easily recognizable character, to Crystal Springs Lake, our information re- 
garding the course of the fault-trace and the earth movement on the fault is in part from 
observations made by Mr. Robert Anderson, and in part from observations recorded in a 
paper by Herman Schussler,* supplemented by the observations of Mr. H. 0. Wood, 
Andrew C. Lawson, and others. 

South of the road, at a point 0.875 mUe southeast of Mussel Rock, begins the furrow 
which marks the surface path of the fault. The furrow as such does not cross the road 
to the north of this point. The side-hill dope, however, is very much fissured by land- 
slide movements both above and below the road, and scarps are seen. From this point, 
the furrow runs uninterruptedly southeastward to the east side of the north end of San 
Andreas Lake, where, with a course of about S. 33° E., it passes beneath the waters of 
that reservoir. As it approaches the lake, the trace of the fault does not lie in the axis 
of the valley, but runs along its eastern side. It thence passes thru the lake on the north- 
east side, crossing a number of small promontories, to the cast end of San Andreas dam ; 
thence, with a course of S. 37° E., it traverses the east side of the valley between this 
dam and Lower Crystal Springs Lake, passes thru the latter and intersects the old dam 
between Upper and Ix)wer Crystal Springs Lakes. Beyond this it skirts the southwest 
side of the upper lake, partly in the water and partly on the projecting points, and finally 
leaves the lake about a 0.25 mile from its end, for the stage of the water of April, 1900, 
having here a course of S. 40° E. 

The mean course of the fault, as thus closely followed from the vicinity of Mussel Rock 
to the end of Upper Crystal Springs Lake, a distance of about 15 miles, is S. 36° 30' E. 
But the trace is not a perfectly straight line. Between Miwsel Rock and San Andreas 

* On February 27, 1907, according to the observations of Mr. H. O. Wood, this projecting tongue of 
landslide had been entirely removed by the action of the waves, and alincment of the beach and sca-cliff 
had been retetablished. 

*The Water Swply of San Francisco before, during, and after the Earthquake of April 18, 1906, and 
the Subsequent Conflagration. New York, 1906. 
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dam, the trace of the fault is slightly concave to the straight line connecting these two 
points on the fault, the concavity being to the southwest. Between San Andreas dam 
and the end of Upper Crystal Springs Lake, the trace of the fault is again slightly concave 
to the straight line between these points, but is on the opposite side of the fault, the 
concavity here facing the northeast. 

Characterixtics of Oie fatiU-trace. — For this stretch of from 14 to 15 miles, Mr. Robert 
Anderson, who examined this territory under direction of Prof. J. C. Branncr, describes 
the trace of the fault as marked by a belt of upturned earth resembling a gigantic 
mole-track. The rupture may be traced along every foot of the way when not below the 
waters of the lakes. It varies in width from 2 or 3 feet to 10 feet, but at times branehes 
out into several furrows that include a space of 100 feet or more in width. Such branches 
sometimes join again after a short interval. Sometimes it forms a crack 2 or 3 feet wide 
and several feet deep, and in other places shows a vertical wall of soil on one side or the 
other, several feet high. The typical occurrence in turf-covered fields is a long, straight, 
rai.s(;(l line of blocks of sod broken loose and partly overturned. It is thus shown in 
plate filA, B. 

Associated with the fault fractures are many lateral cracks, extending away from the 
fault in a northward, or north slightly eastward, direction; that is, at an oblique angle to 
the northeast side. These cracks were especially abundant along the northeast side of 
the northern half of Crystal Springs Lake, and between there and San Andreas Lake, 
In places they run off every foot or few feet for a distance of 100 yards or more, and again 
they do not form for some distance. They vary in size from minute crevices in the 
earth to fractures a foot or more in width. Ilerc and there they form lines of broken sod 
very like the main furrow in size, while they have a length of from a few feet to several 
hundred feet. At the great dam at the head of San Mateo Canyon, these cracks emerged 
from the lake and ran northward up on the hills for several hundred yards, breaking the 
fences where they crost. Plate 16 a shows large lateral cracks of this description, already 
partly filled up, cro.ssing a road that runs parallel to the fault at the upper end of Crystal 
Springs Lake. The main line of fracture is about 50 feet beyond the fence, and the 
cracks extend into the foreground at an angle of from 35** to 40** with the main fault- 
trace. The fence is pulled apart 40 inches in the two places which are shown in the photo- 
graph, and a total of 10 feet in ten different breaks in this locality, within a distance 
of 200 yards. Such lateral cracks as these were not noted on the southwest side of the 
fault. 

The lateral cracks described above make an angle of 45° to the general line of the fault 
fracture. They appear to have been produced very much like the fracture lines in com- 
pression tests of building stones. There was evidently great pressure holding together 
the two faces along the fracture. A dam made of earth and rock divides Crystal Springs 
Lake into two parts. This dam crosses the fault-trace at right angles, and was offset 
but not badly cracked or injured by the movement. The fences that line the road were 
warped and their boards buckled thruout the distance across the dam. The earthquake 
rendered them too long for the distance from the hills on one side of the valley to those on 
the other. The inference is that a strong compression took place. The slicken-siding 
shown in plate 62a furnishes further evidence of compression. In the same way the 
heaving up of the sod into a long, raised mound, for most of the extent of the furrow, 
suggests lateral pressure. The formation of cracks a few inches to 2 or 3 feet wide in 
places along the furrow seems to contradict the theory of compression; but these are 
regarded as due to the irregular, crooked fracturing of the surface and the faulting of 
irregularities into juxtaposition with one another near the surface. The open cracks 
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were never found to be of great extent, but were usually followed by stretches along 
which the earth was heaped up into a mound, as if by being prest together. The surface 
furrow indicates that there was a zone of crushing some 2 or 3 or more feet wide. Where 
a similar cross-section of the fault is viewed from the opposite direction, no such face is 
exhibited on the northeast side, but instead a mass of crusht earth projecting beyond its 
former position. 

Offsets on fences, pipes, dams, etc. — About a mile southeast from the point near Mussel 
Rock where the fmrow was first noted as a clearly defined feature, the fault-trace passes 
thru the trough of a well-marked saddle. This feature is more accentuated than similar 
features at other points along this portion of the rift, tho many such are found. Southeast 
from this saddle there is recognizable in the topography a distinct line of former move- 
ment, lying east of the fault. No furrow follows the line continuously, but an occasional 



Fia. 29. — Offset fence soutbeast of Mussel Ko(!k, showing distribution of deformation on either side of fault. 


short fissure or crack runs along it for a little way. To the west of the place is a similar, 
but less well marked, topographic indication of a former movement. There is no evidence 
of any movement on this line at the time of the earthquake. At the point where the 
fault-trace crosses the road, less than half a mile farther on, the roadway and fence were 
broken, but the effects were so confused that the measure of the offset could not be 
determined. The apparent horizontal displacement was slight. 

Still farther to the southeast, about 1.25 miles, the fault intersected a fence and not 
only caused it to be offset, but the intersection showed clearly the effect of the drag in 
the earth movement. The bearing of the fence is N. 68° E., so that it is approximately 
transverse to the line of the fault. On the west side of the latter, the fence suffered a dis- 
placement to the northwest of 13 feet from its former position, and this displacement 
was effected by a bending or curvature in the fence line extending westerly from the 
fault for a distance of over 200 feet. On the east side of the fault, the fence was bent 
away from its former position, in the same direction, about 7 or 7.25 feet, the bent portion 
extending easterly from the fault-trace about 45 feet. The two ends of the fence were 
thus offset on the line of the fault only 5.75 to 6 feet, altho the total displacement was 
13 feet. The displacement is shown diagrammatically in fig. 29. At a point 330 yards 
beyond this, on the Rift, the fault-trace was found to be confined to a furrow about 6 feet 
wide, passing thru a little trough between an outcrop of Franciscan on the west and a fine 
conglomerate (Merced) on the east. 
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Nowhere along this portion of the fault-trace between the slide at Mussel Rock and 
San Andreas Lake was there observed any definite evidence of vertical displacement. 
There was a hint of slight upthrow on the western side, but it could not be tested by 
measurement. There were, in general, furrows on either side of the main fault, at various 
distances up to 200 feet. Some of these were persistent for considerable (Stances. 



0 2 3 


Flii.’JO. — Index map showing positions of three fences, A, .8, and C\ the 
ofTsets of which are shown in figs. 31, 37, and ’M. 

About 2 miles from the upper end of San Andreas Lake the fault encounters the 30-inch, 
laminated, wrought-iron pipe of the Spring Valley Water Company, which prior to the 
earthquake conveyed the water from Pilarcitos Lake to San Francisco. The metal of 
the pipe is about 0.1875 inch thick and coated with a.sphaltum. The pipe is buried in the 
soil at a depth of 3 to 4 feet. The point of intersection is near Smidl Frawley Canyon. 
Here the course of the pipe swings from a northwesterly to a more northerly course, 
and the fault consequently intersects it at an acute angle. At the point of intersection, 
the pipe was obliquely sheared apart and telescoped uix)n itself, effecting a shortening 
of about 6 feet. The amount of the transverse offset involved in the shear was about 
half the diameter of the pipe. The portion north of the break was moved cast and tele- 
scoped southerly. For 0.875 mile southeast of this point, the path of the fault lay on the 
northeast side of the pipe and nearly parallel to it, but a short distance away. About 
220 yards southeast of the intersection, where the pipe, buried a few feet below the sur- 
face, ascends a rising slope, the pipe had completely collapsed for a distance of several 
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yards, due doubtless to the establishment of a partial vacuum within the pipe by the 
sudden withdrawal of the water from the arch in the pipe at the time of the shock, owing 
either to the leakage below, or the propulsion of the water induced by the shock. (See 
plate 60b.) 




Kig. IS2. — IHalocation of feuce near Sail AiiUreaH Lake. After 11. Schusslcr. 


At a point about a mile from the upper end of San Andreas Lake, the fault intersects 
a bend in the pipe at two places, and here again the pipe was telescoped. (See plate 
60 a.) The conditions at one of these intersections are thus described by Mr. Robert 
Anderson: 

The pipe makes an angle of about 15° with the fault-trace, the end of the pipe on the 
north side of the fault running that much nearer the north. The ends of the pipe on 
opposite sides of the fracture were therefore thrust into each other. The furrow was at this 
place divided into several smaller ones, the disturbed zone covering an area of considerable 
width. The pipe was broken in three places within 100 feet. In one place it was tele- 
scoped 58 inches, as shown in plate 59 b; in another 17 inches, and in a third, the one 
farthest north, 41 inches. 

Near the head of the lake, the pipe was again intersected by the fault, with results 
described by Mr. Anderson as follows: 

The pipe line runs almost parallel with the fracture, but slightly more to the west at 
this point, so that the acute angles made by the ends of the pipe with the furrow were in 
this case on opposite sides of the furrow to those in the two previous instances. In other 
words, the southeast end of the pipe was farther to the east than the southeast end of the 
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furrow. The movement was in the same direction as before, therefore a pulling apart of 
the pipe took place instead of a compression. There occurred two breaks in the pipe (see 
plate 59a), the main one at the crossing of the fault, and the other 150 yards away on the 
northeast side of the fault, but very near it, the pipe being almost parallel with it. At 
the main break, the pipe was pulled apart 59 inches, and at the other one 21.5 inches, 
making a total displacement of 6.666 feet. The pipe was not quite parallel with the fault 
and therefore there was a slight offset, at right angles to its direction, of 4 inches at the main 
break and 2 inches at the minor one, or a total of 6 inches. A fence which crost the fault 
at the main break is offset 6.5 feet. (Plate 60c.) 

The index map, fig. 30 (p. 95), indicates the 
position of three dislocated fences which were sur- 
veyed by R. B. Symington, C.E. The fences are 
marked A, B,C, One of thescj fcmces, C, near the 
upper end of San Andreas Lake, is nearly normal to 
the trace of the fault, and its deformation extends 
over a zone 1,200 feet wide, the total displacement 
aggnigating 16.9 feet. Heire, as usual, the portion on 
the southwest side of the fault moved relatively to 
the northwest, but there was a distinct' drag on the 
northeast side in the same direction. (See fig. 31.) 

The offsets in three other fences southeast of San 
Andreas Lake are shown in figs. 32, 33, and 34 and 
plates 60d and 61b. 

Thruout this 2-mile stretch within which the pipe 
line nearly parallels the fault-trace, the path of the 
latter is strongly marked by a prominent furrow in 
th(5 sod, with the usual diagonal cracks and variable 
width. This furrow lies on the northeast side of the 

Fiu. .33. — Dislocation of fence near San 
Andreas I^ke. After H. Schussler. 




Fici. 34. — Dislocation of fence near San Andreas lAke. After H. Schnssler. 
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lake for the first 0.875 of a mile of its length. It then enters the water (plate 61d) and 
follows the northeast side of the lake, a little distance from shore, to the San Andreas dam 
at the lower end of the lake. In this distance of nearly 2 miles, the fault-trace emerges 
from the water at a number of points where little capes project into the lake. The cross- 
ing of these capes by the fault-trace indicates that it follows a very straight course beneath 
the water of the lake. On the last of these promontories traversed by the fault, the main 
fault-trace has associated with it a numl^r of auxiliary cracks. Between the main 
fault-trace and one of the diverging cracks, on the southwest side of the fault, is a brick 
and cement gate-well in connection with the tunnel which takes the waters from the lake 
toward Millbrae. This gate-well was circular in cross-section, the inside diameter being 
about 26 feet. The nearest point of the structure to the main fault-trace is within 5 feet. 



Fio. 35. — Alain and auxilia y faults, San And roan Lake. A. General Plan. B. Detail. After H. Schiissler. 


The walls are about a foot thick, and arc strongly buttressed. As a result of the shock 
this gate-well was shattered and deformed so that it became oval in cross-section, the east 
and west diameter becoming 30 feet and the north and south diameter about 21 or 22 
feet, as shown in the accompanying figure. A new concrete gate-well a few feet to the 
north, rectangular in cross-section and having three compartments, each 2.5 x 2.5 feet, 
was uninjured, altho on the line of the same branching crack. A concrete manhole 45 
feet northeast of the damaged gate-well, also on an auxiliary crack, was similarly unaf- 
fected. (See fig. 35.) 
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At the San Andreas dam, the fault past thru a rocky knoll which serves as an abutment 
for the dam on both sides, the embankment being in 2 parts. The rocks were shatterec^ 
and the road over the dam and the fence paralleling it were offset several feet in the 
usual direction. The ground here was traversed by several cracks, those on the south- 



Fig. 36. — Intersection of San Andreas dam by fault. A, Plan of dam in two parts, with 
rock between. B. Relation of dam to waste weir tunnel. C. Detail of waste weir tunnel. 

west side of the fault branching southerly from it and those on the northeast side branch- 
ing northerly. Below the dam a heavy wooden flume on a trestle within 50 feet of the 
fault-trace was demoli^ed for about 60 feet of its length. 
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About 125 yards below the dam the fault past thru the lower end of a massively built 
brick and cement waste weir tuimcl. The inside diameter of the tunnel was about 7 
or 8 feet and the walls were 17 inches thick. At the intersection of the fault within this 
structure, the latter was stove in and smashed in pieces for a distance of about 28 feet. 
The tunnel was offset about 5 feet. In the shattering of the brick work, the cracks and 
ruptures in no case followed the cement between the bricks, but broke across the latter; 
the cement and its adhesion to the bricks being stronger than the bricks themselves, 
altho the bricks were evidently carefully selected and of good quality. Several cracks 
traversed the tunnel longitudinally and obliquely to the northeast of the part that was 
demolished. (See fig. 36.) 

About 550 yards below the San Andreas dam, the fault-trace crost a boundary fence 

Iwitween the estate of D. 0. Mills 
and the property of the Spring 
Valley Water Company, causing an 
offset of about 10 feet. Here the 
deformation of the fence was dis- 
tributed over a zone 300 feet wide 
in the direction of the fence, or 
about 250 feet in a direction nor- 
mal to the trace of the fault. A 
survciy of the dislocated fence 
made by R. B. Symington, C.E., is 
shown in fig. 37. Half a mile be- 
low the dam, the fault again crost 
the Pilarcitos pipe. A note by 
Mr. Anderson as to the conditions 
at this intersection is as follows : 

It is a 2-foot pipe made of iron 
1 inch thick. The fault broke it at 
an upward bend. An elbow at the 
bend was crusht by the compression 
and thrown down, while the two 
remaining ends were brought about 
22 inches nearer together. At the 
same time they were faulted past 
each other a distance of 20 inches. 
The pipe runs N. 25° E., making an angle of 65° with the fracture, which here runs N. 
40° W. The telescoping at this angle, being 22 inches, represents 52 inches of faulting. 

In this neighborhood the fault crost a wire fence nearly normally, the line of which 
had been carefully established by a scaics of stone monuments. The fence marks the 
boundary between the estates of D. 0. Mills and A. M. Easton. The deformation of the 
fence as shown in the accompanying diagram, fig. 38, from a survey by R. B. Syming- 
ton, C.K, extended over a zone at least 2,200 feet wide. On the southwest side of the 
fault-trace, the fence was displaced to the northwest a distance of 9.3 feet, and on the 
northeast side it was displaced to the southeast 3.4 feet, making a total displacement of 
12.7 feet and showing a slight drag close to the line of the fault. There were two par- 
allel cracks representing the fault about 90 feet apart, and the chief displacement took 
place on the west crack. 

About 0.625 mile farther southeast, near the upper end of Crystal Springs Lake, the 
fault crost another fence showing a displacement of 9 feet. About 0.25 mile south- 
east of this place, the fault crost the Locks Creek 44-inch pipe line. Regarding this 
intersection Mr. Anderson writes: 



Fju. 37. — Fence B of fig. •‘K). Dislocated by fault. 
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Just above the northern end of Crystal Springs liake, a 44-inch water main made of 
iron 0.125 inch thick runs up the hill from the lake valley in a direction about N. 28® E. 
This line is buried all the way under several feet of soil. The fault crosses it at the base of 
the hill, in its N. 37° W. course, thus making an acute angle of 65® with the pipe line. 
At the intersection of the fault and the pipe line, the heavy rivets of the pipe were tom out 
all the way around at a section joint and the two sections were jammed into one another a 
distance of 4 feet 4 inches. In addition to the telescoping of this pipe, a slight change in 
course was induced, so that the northeast end trended one or two degrees more toward the 
cast than the other end. This was shown by the fact that the broken ends did not fit into 
each other squarely. There was no lateral displacement, the whole movement having been 
taken up by the telescoping, but there was a bending of the pipes at the point of the break, 
as mentioned. The main part of the pii)e, at a distance from the fault, must have moved 
with the land. At the fault-trace there was a bend amounting to one or two degrees. 
Supposing the bowing to be simple, this amount indicated that the land must have carried 
the pipe the distance represented by the telescoping, or about 10 feet, within 300 to 500 feet 



of the fault on one side, and that beyond such a point the pipe must liavc preserved its 
normal course. As a matter of fact, this same pipe was broken on the northeast side of the 
fault about 400 feet furt her up the hill. The break occurred at the junction of 2 sections, 
the rivets having been sheared off and part of the rirn torn away at the rivet holes. The 
ends were pulled apart 3.375 inches. Here the pipe resumed its former course, but owing 
to the slight amount of the pipe displayed by the excavation, it was impossible to sec 
whether a return bend occurred or not. Beyond the break the direction was as before 
measured, approximately N. 28® E. No such break occurred on the southwest side of the 
fault. A crack was formed in the earth at right angles to the pipe for several yards on 
either side of the break. 

The measurements of the engineers of the Spring Valley Water Company on the 
break and displacement of this pipe at the intersect ion above described by Mr. Ander- 
son are given in the accompanying diagram, fig. 39. 

About a mile southeast of the Locks Creek pipe line, the trace of the fault entered 
Crystal Springs Lake for the stage of water of April, 1906. At 2.5 miles farther 
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southeast, it crosses a small point projecting into the lake from the northeast side. 
Half a mile beyond it passes thru the dam between Upper and Lower Crystal Springs 
Lakes. This dam is now simply a causeway across the lake, the water on both ades 
standing at the same level. The dam was rendered superfluous except as a causeway 
by the construction of the great concrete dam at the outlet of the present Lower 
Crystal Springs Lake. The latter was uninjured by the earthquake, a careful exami- 
nation having fiuled to reveal even a erack in the splendid structure. 

Where the fault intersects the causeway dam between Upper and Lower Crystal 
Springs Lakes, the dam was dislocated and offset about 8 feet. (Fig. 40.) This dis- 
placement was well marked in the roadway across the dam and in the fences which 
parallel it. The fences on both sides of the road were broken and the boards were 
buckled and shoved over each other; the telephone vdres crossing the lake sagged con- 
siderably, showing that the movement brought 
the poles closer together. The facts indi- 
cate, as previously stated, that, in addition to 
the offset of the dam along the line of the 
fault, there was a notable compression in the 
direction normal to it. Beyond this dam the 
trace of the fault is partly beneath the lake 
and partly skirts its southwest shore (for the 
water level of April, 1906), and finally leaves 
the lake on that side about 0.25 mile from its 
southeast end. 

Exposures of the faidl-plane (R. Anderson). 
— In addition to the evidence given by fences 
and pipes, there is the displacement of land 
siufaces and actual exposures of the fault face 
at the surface. Examination of mounds, em- 
bankments, and shore lines crost by the rup- 
ture usually revealed a displacement of the 
surface, and an interruption of the old topo- 
graphic outlines. In the case of mounds cut 
by the fractme, the displacement makes itself 
apparent in vertical scarps in consequence of 
the curved surfaces being faulted past each 
other. At the northwest face of a hillock, 
near where the furrow emerges from Crystal 
Springs Lake, the northeast side of the mound 
— the side away from the lake — has retreated 
relatively, leaving a portion of its lower slope in juxtaposition with the higher slope of 
the other side. A horizontal line across the exposed face would give the distance moved, 
provided no subsidence had taken place, which does not seem to have been the case. 
The distance could be only approximately measured, but it is at least 8 or 10 feet. A 
crack 2 to 3 feet wide and several feet deep separates the two walls locally. Looking at 
the other side of the same mound an irregular face several feet in height is exposed on 
the northeast side of the fault, the natural result of a longitudinal slipping. The fault- 
ing of raised surfaces after this fashion was discovered in various other instances. 
Large hills were crost only two or three times in this stretch of the fault. They were 
not so affected. 

The banks of stream channels sometimes preserved evidence of the movement even 
more completely than did mounds. Almost every gully crost by the fracture suffered 



Fill. — Intersection of fault and Locks 
Creek pipe. After U. Schussler. 
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a disjointing, resulting in a narrowing and bending of the channel at one point. The 
banlm on the northeast and southwest sides of the fault were thrust past each other soutli- 
east and northwest, respectively. Usually the movement resulted in the crushing of tite 
loose earth at the surface, while the roots of plants tended to hold it in place, so that the 
displacement was not evident in its full effect. An example where this is well shown 
occurs in the channel of a small stream running at right angles to the fault valley just 
north of the north end of Crystal Springs Lake. The banks of the gully were about 20 
feet high. Where the fault crosses the southeast bank, the parts on either side of the 
crack faulted past each other horizontally, the result teing a relative displacement of 
the northeast side of the fracture at least 8 feet toward iihe southeast. There is no 
vertical movement apparent. An escarpment is left exposed on the southwest side of 
the fault from top to bottom of the embankment. The material of the bank, plastic, 
argillaceous earth derived from weathered shale, was slightly moist at the time. The 
fault planes are closely apprest 
and the clay was left slicken-sided 
and lined with distinct horizontal 
stiiations. (Plate 62a.) The op- 
posite bank of the stream gives 
evidence of a similar movement, 
but the loose earth was held by 
large roots and the displacement 
of the underlying earth was ob- 
scured. The two projecting faces 
of the opposite banks almost met, 
making the channel very narrow 
and curved.* 

A steep embankment of weath- 
ered serpentine and soil occurs at 
the southern end of San Andreas 
Lake, where it is crost by the 
fault. The zone of rupture is 
several feet in width and the 
broken material on the northeast 
side is shown projecting several 
feet beyond its previous position 
in continuity with the serpentine 
slope. A displacement of the 
shore line is observable at several places where the fault fissure enters the lake. 
Wherever cracks were opened, search was made for the disjointing of squirrel holes and 
other discrepancies due to shifting, but with rather unsatisfactory results. Roots, 
however, were found broken and displaced in accordance with the general movement 
as shown by other things. In general, the search for evidence in the separation of 
different zones of vegetation or of color in the earth, etc , failed to add anything of value 
to evidences of other kinds. 

Vertical movemetU (R. Anderson). — No proof was found of a vertical movement along 
the fault line. Here and there occur small escarpments along the fissures, varying from 
a few inches to several feet in height. They were only local, however; they exhibited 
no constancy in the side of the fault upon which they appeared, and were invariably 
exphunable either as fault exposures such as are discust in the previous paragraphs, or as 

‘ The writer is indebted to Mr. C. E Durrcll and Mr. F. D. Posey, of St. Matthews School, San Mateo, 
for the discovery of this interesting example of faulting. 



Fio. 40. — Map of fault-ti-ace acrosH old dam between Upper 
and Lower Crystal Springs Lakes. After H. Schussler. 
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due to settling of loosely accumulated or unsupported earth. For this reason no credence 
is given to the idea that an uplift or downthrow occurred along this part of the fault. 
This statement is based entirely on the evidence collected on the ground shortly after 
the earthquake and has nothing to do with the direction or amount of earlier displace- 
ment along this same fault-line. In some places an upward thrust seems to have taken 
place, as in the case of raising 7 pipes. This may, however, have been caused by wave- 
like movement in the ground near the siu*face or simply by the local heaving up of the 
ground as the result of compression. 


CRYSTAL SPRINGS LAKE TO CONGRESS SPRINGS. 

For our knowUnlgc of the character and extent of the earth’s movement on the fault 
for that portion of its coursti lying within the limits of the Santa Cruz quadrangle of the 
U. S. Geological Survey, or l)otw(!en Crystal Springs Lake and the vicinity of Congress 
Springs, we are indebted to observations made by Messrs. H. P. Gage, F. Lane, S. Taber, 
and B. Bryan, under the direction of Profe-ssor J. C. Branner. The notes of these gentle- 
men are preceded by a summary statement, and are arranged as far as possible in 
sequence from northwest to southeast in the following section : 

Summary atalement (J. C. Branner). — The fault-trace that follows the San Andreas 
Valley continues southeastward in a nearly straight line. Beyond Crystal Springs Lake, 
it pasHCis thru tlu; village of Woodside, the Portola Valley, crosses Black Mountain a mile 
southwest of the triangulation station, follows down the general course of Stevens Creek 
a distance of 5 miles, and tlnmcc, following the same general direction along the eastern 
slope of Castle Rock Riilge, passes off the eastern side of the Santa Cruz quadrangle 
near latitude 37° 10'. West of Stanford University it follows along the northeastern 
base of the mountains that lie between the Pacific Ocean and the Bay of San Francisco, 
but as it passes toward the southeast, it cuts into the range and leaves Black Mountain 
and Monte Bello Ridge on the northeast side, while south of Saratoga it keeps well within 
the mountains. A singular feature of the fault, as it appears at the surface, is that in- 
stead of following the bottoms of the valleys, it ofbm skirts along the base of one of the 
enclosing ridges, as shown in the accompanying sections. (Fig. 41.) This is not an in- 
variable rule, how(!ver. 

It will be seen from the map,’No. 22, of the isoscismal lines on the Santa Cruz quadrangle 
that there are several other faults within the; area of the quadrangle, but evidences of 
movement at the time of the earthquake have lx?en found only on this San Andreas 
fault-line, with the possible exception of .slight movements along part of the Black 
Mountain fault. Cracks in the groiind occur hen; and there almost all over the area 
covered by the she(;t, but the cracks away from the San Andreas fault are due to incipient 
landslides or to the .s(;ttling of loose or wet ground, and an; not otherwise related to the 
more profound faults. 

The movement that took place along the fault in this portion of its course at the time 
of the earthquake was almost entirely a horizontal one. At several places evidences 
were seen of vertical displacement, but further examination showed in many instances 
that the appearances were tleceptive or due to local causes. For exampk;, where the 
fault crosses the top of Black Mountain there was apparently an upthrust on the north- 
east side of the fault. But it was found later that a great wedge-shaped piece nearly 
half a mile acro.s8 had settled on the southwest side of the fault, producing this appearance. 

The direction of the horizontal displacement is unifonnly a relative southeastward 
movement of the land on the northeast side of the fault. The amount of displacement 
varies in this area from near zero to 8.5 feet. This variation appears to be due to the 
character and condition of the ground. Usually ground that was wet and incoherent at 
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the time of the niptiure yiclde<i and was crusht so as to distribute the displacement thru 
the surrounding soil. In such places, but little or no horizontal thrust appeared at the 
surface. Where the land was well drained and the surface materials were dry, the ground 
held together better except along the fracture itself, and the displacement was more 
apparent. It seems highly probable, however, that, owing to the deep decomposition of 
the rocks and the frequent movements and fractured condition of the beds along the 
fault, the maximum displacement does not appear at the surface anywhere within the 
area of the Santa Cruz quadrangle. Nowhere has the fracture been found passing thru 
freshly broken beds; and in view of the antiquity of the fault itself, and the evidence of 
many movements upon it, such an exposure is not to be oxpected. 



Crystal Springs Lake to Portola. — Southeast of the southern end of Crystal Springs 
I^ake are numerous cracks along the line of the fault. One les.s than 0.5 mile from the 
southern end of the lake past (lirectly under a hou.se, the chimney of wliich had fallen, 
and the building had burned to the ground. (28, map 22.) About 100 feet southeast 
of the road nciar this house (29, map 22) a crack 1.5 feet wide in places runs approximately 
parallel to the road. The cracked belt adjoining is about 4 feet in width, the downthrow 
being about 0 inches on the north(;ast side, the lateral thrust al>out 1 foot on the same 
side, the northeast side moving southeast relative to the opposite side. 

About a mile southeast of the lake are large cracks, running approximately north and 
south, in places 1.5 feet wide. At a point 2 miles southeast of the lake, a crack about a 
foot wide is crost by a fence running N. 53® W. (27, map 22.) The top wire of this 
fence was broken by tension during the shock, and the post nearest the crack was snapt 
off at the ground, the adjoining post being uprooted, and bent over in the same direction 
as the broken one. The posts are of split wood about 5 inches in diameter, and the wires 





106 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


are 2-Btrand barbed we. This belt of cracks continues for about 300 yards along the 
road. Near Woodside there was a 2-inch crack trending northwest-southeast, with an 
upthrust of about 2 inches on the northeast side. A crack 1.5 feet wide in places runs 
N. 23** W. across the road, entering Woodside village from the southwest, just west of 
the bridge, and in places shows an upthrust of about 2 feet on the northeast side. A 
small tree on this crack was uproot^ in the western part of the village. On the 
King’s Mountain road, southeast of Woodside, a large crack of the main fault-trace 
crost the road, and the fences on both sides were pulled apart. (See plate 62b.) No 
vertical throw was observable. About 200 feet west of the fault fracture were several 
smaller cracks parallel to it. 

Further southeast, down the road toward Portola, the main fault-trace crosses the 
road just north of the creek and within 12 feet of a giant redwood. The ground was 
raised and crumpled across the road, and the cracks extend both up and down the stream 
from this place. In a cluster of young redwoods southeast of this road a board fence is 
bent out of line, and huge cracks opened among the roots of the trees. A wire fence was 
pulled in two and one of the posts split. In this cluster of trees the fault past thru and 
split a big redwood stump. 

Two fences crossing the crack at right an^es near 12 (map 22) had been thrown out 
of line, their northeast portions being moved southeast relative to their southwest por- 
tions. They had been ^ven an offset of 8.5 and 8 feet respectively. (Plate 63b.) A 
large oak tree standing on the crack was uprooted, while branches were snapt on a big 
white oak tree just south of the fault line. 

Northwest of Searsville Lake, about a mile, there is a belt of cracked ground 7 or 8 
feet wide, one crack being 1 foot in width. The apparent upthrust was in some places 
2 feet on the northeast side. At other places there is no change of level. On the Portola 
road, just southwest of the Searsville I^ke, parallel cracks with a trend N. 43° W., some 
of them 1.5 feet wide, were formed across the road and extended into the marsh to the 
northwest and into the woods on the southeast. Where they crost the road, the fence 
boards were broken and the earth shoved up in ridges; the northeast side of the crack 
moved southeastward. 

The main fault fracture passes thru the Portola Valley and crosses the public road in 
front of a small 1-story house southeast of the village store. Where the fault crosses 
the road, the fences on both sides were torn in two, and in the prune orchard south of the 
road the rows of trees were displaced in some instances about 2 feet. The cracks in the 
road were about 6 inches wide, approximately parallel, and running nearly north-south, 
while the direction of the fault line itself was about northwest-southeast. 

About a mile beyond Portola, a crack, measuring 2.5 feet in width in some places, crost 
a field, the cracked ground spreading out for 10 feet at intervals. Wooden fences cross- 
ing it were broken, water pipes bent and pushed up to the sinface of the ground, and a 
dead tree near the line of the crack was tl^wn down. There was an apparent upthrust 
of about 2 feet on its northeast side. 

Road from Judge Alien’s southvxird. — Between 3 and 4 miles southeast of Portola, 
many cracks were visible extending in all directions. Several showed an uplift on the 
east or northeast side, which is also the downhill side. Some cracks were from 4 to 5 
inches wide, and had a vertical throw of nearly a foot. In other places the downhill 
side had been thrust upward, and pieces of the crust shoved as much as 4 inches over 
the uphill side. Near the top of the ridge, just before reaching the point where the trail 
branches off, a 4-inch crack running S. 63° E. showed a 4-inch upthrow on the northeast 
(downhill) side. Southwest of the ridge and about 100 feet below the trail, an old land- 
slide dating back to some time within the past year, covers about 2 acres. Around this 
slide the ground appeared to have been much cracked recently. 
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Along this trail the direction of the cracks varied considerably. One an inch wide in 
places, elsewhere branching into several smaller ones, was traced for about 150 yards, 
chiefly along the crest of the ridge. Its direction varied from due east to southeast, and 
the upthrust on the west was sometimes as much as 3 feet. Going northwest down the 
crest of the ridge, numerous cracks crost in directions varying from southeast-northwest 
to northeast-southwest, several showing an upthrust varying from a few inches to a foot 
on the southwest side. At the foot of the trail, a large crack running down the center 
of the valley followed the road for about 100 yards, then cut across the fields. In places 
the crack was 2 feet wide, but in other places a ridge 3 feet high had been raised beside 
the road, and there were many parallel cracks within 50 fedt of either side. There were 
upthrusts and downthrows, some as much as 1.5 feet, but the total change of level seemed 
to be nil. 

Alpine road. — A fault branches from the main San Andreas fault in the Portola Val- 
ley and crosses the Alpine road just where the Portola road leaves the latter. At this 
fork several cracks were formed at the time of the earthquake. A water pip>e 2 inches 
in diameter was buckled and lifted out of the ground here, and farther along the Portola 
road this same pipe was pulled apart. Following southward along the Alpine road, the 
next evidence of disturbance by the earthquake was where the main fault-trace crosses 
the road 0.75 mile south of where the Portola road forks. Here the road was so 
badly broken and cracked that it was not possible to ride or drive across the fracture 
until the place was repaired. (Plate 63a.) The fracture followed along the south side 
of the road for a distance of 300 feet, tearing up the bank with cracks, some of which 
were a foot or more across. Where the road bends toward the south, the fracture crost 
to the north side of the road, making cavities several feet deep. These cracks continued 
toward the northwest thru the underbrush, pulling apart a barbed wire fence and leaving 
many well-marked furrows thru the adjoining fields. About 30 feet north of the road, 
a white oak, somewhat weakened by decay and fire, was jerked off by the violence of the 
shock. To the southeast the fault-line is traceable by a well-marked furrow thrown up 
in the fields. Where the fracture crosses the Alpine road, there appears to have been an 
uplift of about 2 feet on the northeast side of the fault. This appearance may be due to 
the settling of a part of the ridge of incoherent materials to the south, or it may be due 
to the lateral thrust along a sloping surface. 

Black Mountain. — The great mass of Black Mountain lies between the San Andreas 
fault and a branch fault (Black Mountain fault) which, starting in the Portola Valley, 
crosses the Page Mill road on the north side of the mountain about a mile south of Clarita 
vineyard. This area between the faults was badly shattered by the earthquake, tho it 
is not clear whether the abundant cracks found over the surface are to be attributed to 
the boldness of the topography or to the crushing of the wedge-shaped end of the fault 
block. Several days after the earthquake, 345 cracks, large and small, were counted 
along the county road (Page Mill) in a distance of less than 3 miles between these faults. 
These cracks ran in every direction, and some of them were clearly attributable to local 
topography, while others cut thru the mountains in apparent disregard of the topography. 

The main fault-trace crosses the Page Mill road in a topographic saddle near three 
frame houses. The displacement occurred along two parallel and well-defined cracks 
some 30 feet apart. These cracks can be traced across the fields on both sides of the road. 
Toward the northwest they converge until they are only a few feet apart. Where they 
crost the road, the fracture was not a single clean-cut break, but made up of a series of 
small short cracks from 3 to 5 inches across, parallel with each other and "splintering” 
across the general direction of the fractiu^. The fences on both sides of the road were 
displaced about 3 feet, and there was an apparent drop of 18 inches on the southwest 
side of the fault. The horizontal displacement showed the northeast side to have moved 
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relatively toward the southeast. The apparent vertical displacement seems to be dcccp* 
tive, or rather, it appears to be due to the settling of a wedge-shaped mass on the south- 
west side of the fault. The south side of this mass was indicated by a crack about 300 
yards farther south along the road where a crack showed a drop of several inches on the 
northeast side. On the Monte Bello Ridge, a mile southeast of the Black Mountain 
triangulation station, there were a few inconspicuous cracks, without any uniformity 
of direction. Just south of the triangulation station, the cracks were more conspicuous; 
one of them was 200 feet long, and had a bearing of N. 13° W. At and about Hidden 
Villa, a small ranch in the deep valley 2 miles northwest of Black Mountain triangulation 
station, there were no cracks in the low ground, even where they were expected, as this 
is on the line of the Black Mountain fault that crosses this region from the direction of 
Portola. 

Page MM road. — In following the Page Mill road up Corde Madera Crock from May- 
held, the first noticeable trace of the earthquake was a crack crossing the road due east 
and west, its width varying from 0.5 to 1 inch. Wagon-tratjks showed a lateral displace- 
ment of 1 inch, the north side of the crack having moved west, relatively to its south side. 
This crack was traced a short distance into the fiehls beside the road, where it disappeared. 
Several smaller cross-cracks intersected it at intervals. There was no apparent vertical 
displacement. About 100 yards farther south were 3 smaller cracks varying from 0.25 
to 0.75 inch in width. One ran N. 53° W., and another N. 23° W. The latter, being only 
8 feet from a eulvetrt crossing under the road, appears to have b<!(!n deflected by this 
from a course running more! nearly east. Hcire again was no evidence of vertical throw. 
Going on up toward the Alpine road from this point, more and more cracks were found, 
running approximately east and west, with the exception of several north and south ones 
where the road ran closely parallel to the stream. Less than a mile from the first crack, 
groups of cracks were accompanied by small slides of dirt from the hill to the west of the 
road, and farther on from the bluff to the east of it. The cracks ran nearly parallel with 
the axis of the branch valley lying northeast and southwest. Farther up the road, large 
cracks began to appear among smaller ones running parallel. The first of these was 2.5 
inches across and ran S. 13° E., with a downthrow of 1 inch on the (iast siflc, and could be 
traced from 50 to 100 feet on either side of the road. For a mile farther up the road, th(5 
cracks became so numerous and complicated that it was impossible to map any individual 
on(«. They intersected and ran in all directions, and were all of varying widths, the 
largest seen measuring 8 inches across. The size of this crack, however, was probably 
partly due to its position on the side of a hill. The larger cracks could be trac(!d for 
several hundred feet. In some places crushing had taken place, and the layer of macadam 
on the road had l)een humped up and broken. In this same area are many small land- 
slides, some large enough to cover the road ; one has occurred since the earth(|uake. 

Stevens Creek. — Following the road from the junction of the Casth; Rock Ridge road 
with the road from Stevens Cret^k to Boulder Creek toward Stevens Cmjk, small cracks 
appeared crossing the road in a direction of N. 1° E. Further east nearer Stevens Creek, 
the road was t)adly broken up by the land sliding in two directions, N. 18° W. and N. 
47° E. All along this region cracks varying from a fraction of an inch to 2 incluis in 
width, and running from N. 43° W. to due north and south, appear every 10 feet or more, 
showing a badly broken-up area. Here and there such cracks resulted in landslides from 
the bank to the road. A crack about 2 inches wide ran N. 53° W. for some distance above 
the house, at the junction with the Stevens Creek road. On the Stevens Creek road, just 
after leaving the Saratoga road, there were cracks every 20 or 30 feet, running in the 
same direction, about N. 43° W. A mile and a half northwest of the place where Stevens 
Creek turns northeast, a strip of ground 2 feet in width and about 100 yards long had been 
broken up, with a downthrow of about 6 inches on the west side. The cracks ran N. 
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43*^ W. From here northwest the disturbance continues in the same general direction. 
A number of breaks often occurred together, arranged as steps, in each case the down- 
throw being on the east side and mcasurmg about 4 inches, the direction varying from 
N. 33® W. to N. 3° W. Following the Stevens Creek road on down toward Congress 
Springs, several landslides were noted, mostly small ones due to cavmg in of the banks 
of the creek. Just west of the springs the road was badly broken, twisted, and shoved 
up in places, the downthrow being first on one side and then on the other. In some {daces 
along the bank the west side projected 2 inches farther than the other, while the fence 
showed an offset of 2 feet. The large stone bridge across^ the creek appeared intact-, 
but west of it a large patch of ground had slipt down 2 feet. 

South of Congress Springs. — Near and northwest of the reservoir 2.5 mHcs southeast 
of Congress Springs, fissures from 4 to 6 feet wide ran nearly north and south, and past 
thru the earthen dam at the northwest end of the reservoir. (Plate 64a.) The intake 
pijMiS at the south end of the reservoir were disconnected, and the escaping water under- 
mined a part of the southern dam of the reservoir. This reservoir is in a topographic 
saddle and has dams at both ends. The fault-trace passes thru this saddle. Where 
the bottom of the re.servoir was exposed by the escape of the water, cracks of the fault- 
trace were exposed in the mud. Fences crossing the fissures showed but little displace- 
ment; the displacement moved the northeast side toward the southeast, relatively. 
The hills southeast of the reservoir have steep slopes of from 20 to 50 degrees. The 
cracks follow the east-facing slopes and the cast side of these cracks had raised about 
6 or 8 incluis. Southeast of the reservoir the chimneys and water-tanks were down. 


CONGRESS SPRINGS TO SAN JUAN. 

Mr. G. A. Waring, under the direction of Prof. J. C. Branner, studied the displacement 
along the fault from the vicinity of Congress Springs to its southern end near San Juan. 
The following is an account of the phenomena observed by him; 

Cracks and displacemerds along the favlt-trac.e (G. A. Waring). — Starting at the upper 
reservoir about 2 miles south of Congre.ss Springs, the fault-trace was followed to its 
southern end msar San Juan. From the upper reservoir, thru which the fault past, 
cracking the dams at each end, a fairly continuous scries of cracks a few inches wide runs 
down tlie southwest side of Lyndon Creek about 2 miles to Mr. Edwards’ place, “Glen- 
dora.’^ Thruout this distance the individual cracks run S. 3® to 13® E., while the line 
as a whole trends S. 33® E. The relative movement of the northeast side of the fault is 
from 14 to 20 inches southeast. From Glendora the fractured zone becomes wider and 
not so distinct. The lower reservoir is slightly cracked and several fissures appear near 
it, but the main line of fracture seems to be nearly 0.5 mile west of it, showing in two or 
thn;c cultivatiid fields. The whole ridge west of the reservoirs was severely shaken, 
however, for cracks 4 or 5 inches wide opened near Grizzly Rock and several large slides 
occurred in its neighlwrhootl. One water-pijMS running north and south on the Beatty 
place was broken, while one trending cast and west was unhurt. No cracks were found 
cro.ssing the ridge between Grizzly Rock and White Rock. The cracks were next found 
on the road almut a mile east of B. M. 2135 of the U. S. Geological Survey, but they do 
not show in the vineyard to the southeast. On the ridge road, about 5 miles northwest 
of Wright Station, the fault again shows slightly m a few 2-inch cracks bearing S. 3® E., 
with a slight relative movement of the east side toward the north. Going down the 
slope from here to Wright, the cracks rapidly become larger. 

At Patchin, 3 miles west of Wright Station, there are fissures over a foot wide trending 
mainly in the direct line of the fault (S. 33® E.). Several stretches of numerous small 
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cracks alternating with a few long, continuous fissures, mark the course from Patchin to 
Wright Station. Thru the Morrell ranch it is especially evident. (See plate 64b.) 
At Wright Station the movement is well shown in the railway tunnel. (Fig. 42.) This 
tuimel runs southwest, and about 400 feet in from the eastern end of it there is a nearly 
vertical slicken-sided plane, showing a shear movement of 5 feet. Apparently the south* 
west side moved northwestward. Between Wright and Alma, the railway track was 
badly bent in places (see plate 107a), but the ground did not crack noticeably. It seems 
to have been subjected to compression, for 7 inches had to be cut from the rails when 
the track was repaired. A large landslide also occurred close to Wright Station, partly 
damming up the stream. The fault past a little west of Wright, tearing up the public 
road at several places (plate 65a), especially at the blacksmith shop, near Burrell School- 
house. Sulfurous fumes are said to have risen from this crack for several hours. From 
this place the cracks run up over the ridge just west of Skyland. Large fissures show in 
the orchards and fields on the eastern side of the ridge, but are not so evident on the 
western slope. Here, instead, great landslides occurred, and redwoods were snapt off 
or uprooted. Thru the timbered region from Skyland to Aptos Creek, the course of the 
fault-trace is marked almost its entire length by a swath of felled trees, true fault fissures 
being found at only two places. On the northern side of Bridge Creek Canyon there 
are typical cracks from 1 to 8 inches wide, and here also occurred a great landslide which 
buried the Loma Prieta Mill. The second place where fault fractures are found is on 
the ridge between Bridge and Aptos Creeks, where there are well-defined fissures up to 
18 inches in width, trending S. 3° E., with a downthrow of the western (upper) side of 
from 2 to 6 feet, and a relative movement of the east side a few inches toward the south. 
The cracked zone is about 50 feet wide. Great slides on both sides of Aptos Creek have 
almost made a valley of the canyon for fully 0.75 mile. Following across the ridges and 
canyons, the discontinuous line of slides and sinks in upland marshy places marks the 
course of the fault-line down into the lowland. 

The road at Corralitos is said to have l)een slightly cracked, and in the low hills between 
Valencia and Corralitos a few cracks wore found; but the fault evidently runs fully 0.5 
mile east of Corralitos. The mountain roads east and northeast of Corralitos were 
rendered impassable by landslides and by the bridges being injured. Crossing the road 
near Hazel Dell Creek is a band of small cracks 35 yards wide, trending S. 3° E. The 
fence on either side is not displaced, but the posts lean 30** to the southwest. About 0.25 
mile farther northeast the stake fence on the northwestern side of the road is moved 10 
inches out of line, and the groimd just beyond has sunk a few inches. The fissures appear 
to die out in the marshy land west of Wm. McGrath’s house, and they begin again a mile 
eastward, halfway up the slope. Thru this upland meadow region is a series of slides and 
sinks gradually rising in elevation. At a small ravine, fissures again appear and follow 
up it (S. 33° E.) for 0.25 mile, mainly as a great furrow from 2 to 6 feet wide. Three 
ponds near the divide lie directly in its path, but the cracks arc only a few inches wide 
here. Thru the grain fields beyond they are not very evident until at the divide between 
the steep slope to the Pajaro River and the gentle westward drainage. Several cracks a 
foot or less in width show on the ridge, but the faiilt seems to set off about 100 yards to 
the northeast and to consist of east and west cracks, having loosened the whole slope for 
nearly a mile northward of Chittenden, causing great landslides. The fault-line crosses 
the Pajaro River at the railway bridge at Chittenden. The movement is shown by the 
disturbance of the concrete bridge piers. (See plates 17a, 65b, and fig. 43.) Thence 
straight across the low hills and fiel^ on the opposite side of the river a line of cracks 
extends, passing 0.5 mile west of Mr. Canfield’s house, “just where the earth cracked 
16 years ago.” This crack crosses the Sargent-San Jose road a mile north of San Juan, 
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as a single fissure 3 inches wide, trending S. 53^* E. In the lowland to the southeast there 
is little evidence of the fault, but crossing at right angles the county road running north 
and south about a mile east of San Juan, is a band of small cracks 15 feet wide, causing 
the road to sink 8 inches and making a marsh of the field beyond. This is believed to 
be the southernmost point of the recent opening of the fault. No trace of it could be found 
where it would have crost roads beyond, nor were other cracks found or reported in 
this neighborhood. The disturbance affected the banks of the Pajaro River from Chit- 
tenden to Sargent, causing a cracking and sloughing of the banks into the stream but not 
a settling of the stream bed. The San Benito River was similarly shaken for about 3 
miles up from its junction with the Pajaro. Cracks are also noticeable all along the River- 
side road wherever it runs close to the river bank. The damage to the concrete abutments 
of the county bridge across the Pajaro River is due to this crowding in of the alluvial 
banks of the stream. 

The tunnel at Wright Station (E. P. Carey). — Mr. Everett P. Carey reports that he made 
an examination of the tunnel at Wright Station soon after the earthquake, and again on 
February 17, 1907. The result of his observations is incorporated in the following 
memorandum : 

The length of the tunnel is 6,200 feet. Its direction is S. 48° 24'.5 W. A fissure crost 
the tunnel 400 feet from the northeast portal, along which there was a lateral displacement 
of 4.5 feet. The movement on the southwest side was northerly with reference to the north- 
east side. Nothing of this fissure can now be seen, as the tunnel along that part has been 
excavated, the walls timbered and entirely obscured from view. My description rests 
on my examination soon after the earthquake, before any work had been done. The strike 
of this fissure is N. 52° W., making an angle of 80° with the trend of the tunnel, and it dips 
at an angle of about 75° to the west. The walls of the fissure were well smoothed and 
slicken-sided, but I did not determine the direction of the strise. Specimens from this 
fissure indicate that the fault occurred in sandstone, and that much movement had already 
taken place along the same fault in apparently a variety of directions. Specimens secured at 
the time have changed from a damp, sticky, clay-like mass to a relatively dry, hard, and crum- 
bled condition. Streaks of light-colored sandstone occurred in this dark attrition material. 

The damage to the tunnel itself consisted in the caving in of overhead rock ; the crushing 
in toward the center of the tunnel of the lateral upright timbers, and the heaving upward 
of the rails, due to the upward displacement of the underlying ties. In some instances 
these ties were broken in the middle. In general the top of the tunnel was carried north or 
northeast with reference to the bottom. This seems to be the prevailing condition in the 
exposed part of the tunnel not yet repaired. 

I examined with particular care the walls of the tunnel at several points where the 
damage to the timbers appeared to be greatest, more especially between 1,^)0 feet and 2,200 
feet in from the opening at Wright. At each place I found several fissure lines running 
somewhat irregularly, but in general parallel to the fissure already described 400 feet in 
from the entrance at Wright. These fissures all contained more or less attrition material. 
Three of them I had an opportunity to examine l)etter than the others. In each case two 
distinct sets of strisc were found, one set vertical and the other set horizontal. The hori- 
zontal set was clearly more recent than the vertical set, and to all appearances might 
have been formed the day before. The three slicken-sided faults mentioned were the only 
ones that lookt as if recent movement had occurred. The rocks in the tunnel look like 
sandstones and jaspers of Franciscan age. According to the evidence, so far as it went, the 
whole of the top of the mountain is fissured thruout in such a way that a large movement 
could be distributed among several fissures and thus account for a relatively slight motion 
along any one fissure. The mea.suring of any minor movements in the tunnel would be 
difficult tecause of the caving in of the rocks at such points. It would seem, too, that such 
movement could occur without materially altering the line of the tunnel at that point, so 
far as the timbering is concerned. 

As far as learned no recognized fissures or faults have been crost by the workmen thus 
far, except the one 400 feet from the northeast portal. Nothing corresponding to the fissure 
passing Morrell’s house has yet been found in the tunnel. 
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Engineers’ measurements of displacement. — The reconstruction of the tunnel at Wright 
Station necessitated an instrumental survey of the displacement in so far as it immediately 
affected the structure. The results of this survey have been placed at the disposal of 
the Commission by Mr. J. D. Matthews, assistant resident engineer in charge of the work. 
The plot of the survey is given in fig. 42. The plot shows that, while the tunnel is trav- 
ersed by only one fault fracture, at a distance of about 400 feet from the northeast portal 
the deformation has been distributed over a distance of nearly a mile. This deformation 
of the tunnel, or its departure from a straight line, is measured from a line drawn from the 
northeast portal to a point on the same side of the tunnel 675 feet in from the southwest 
portal. It indicates a bending of the ground to the nortliwest in the direction of the 
relative displacement on the southwest side of the fault. That is to say, the bending 
is in the opposite direction to that which would be characteristic of the drag of a fault. 
A possible explanation of this phenomenon is that the ground pierced by the tunnel was 
in a state of excessive elastic stress, even at the time the tunnel was constructed; and 
that the relief effected by the rupture rendered resilience operative and so caused the 
ground to be flexed in the sense opposite to that of a drag. The nature of the deformation 
of the ground on the northeast side of the fault is not yet known. It may be here men- 
tioned, in regard to the effect of the fault upon the steel bridge at Chittenden, that, in 
addition to the cracking and displacement of the supporting piers, as noted by Mr. 
Waring, the distance between the abutments was lengthened about 3.5 feet, according 
to measurements supi)lied to the Commission by Mr. J. H. Wallace, Assistant Chief 
Engineer, Southern Pacific Company, and illustrated in the accompanying diagram, 
fig. 43. 
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GEODETIC MEASUEEMENTS OP EAETH MOVEMENTS.* 

By John F. Hatfokd and A. L. Baldwin. 

GENERAL STATEMENT. 

The Coast and Geodetic Survey has done much triangulation in California to serve as 
a control or framework for its surveys along the coast and other surveys. The results of 
all the triangulation, south of the latitude of Monterey Bay, together with the primary 
triangulation to the northward, have already been published.* In 1906 the results of 
the triangulation in California, from the vicinity of Monterey Bay northward, were being 
prepared for publication. The reports from various sources in regard to the effects 
of the earthquake of April 18, 1906, indicated that there had been relative displacements 
of the earth’s surface of from 2 meters (7 feet) to 6 meters (20 feet) at various points near 
the great fault accompanying the earthquake. These were relative displacements of 
points on opposite sides of the fault and had been reported along all parts of the fault for 
185 miles, from the vicinity of Point Arena, in Mendocino County, to the vicinity of San 
Juan, in San Benito County.* The average relative displacement was said to be about 3 
meters (10 feet). Displacements of that size would so change the relative positions of 
points which had been determined by triangulation and so change the lengths and direc- 
tions of the lines joining them that the triangulation would no longer be of value as a 
means of control for accurate surveys. The value of the triangulation could be restored 
only by repeating a sufficient amount of it to determine definitely the extent and character 
of the absolute displacements. It was, therefore, decided to repair the old triangulation, 
damaged by the earthquake, by doing new triangulation. 

If the displacements of a permanent character had occurred in a narrow belt only, close 
to the fault, but a few triangulation points would have been affected. The available 
evidence, however, indicated that the movements probably extended back from the fault 
for many miles on each side, and that the new triangulation necessary for repair purposes 
must, tWefore, cover a wide belt. 

The new triangulation to repair the damage was completed in July, 1907. In addition 
to serving this practical purpose, it has shown the character of the earth movements of 
1906, which were found to extend back many miles on each side of the fault. These are 
very interesting results from a purely scientific point of view. Moreover, there came to 
light, during the study of the movements of 1906, entirely unexpected evidence of earlier 
earth movements, probably in 1868, which also affected a large area. 

The purpose of this paper is to set forth fully the amount and nature of these two 
great displacements of large portions (at least 4,000 square miles) of the earth’s crust and 
to indicate the degree of certainty in regard to these displacements warranted by the 
evidence. 

• KXTKNT OF NEW TRIANGULATION. 

The new triangulation done during the interval July 12, 1906, to July 2, 1907, extends 
continuously northwestward from Mount Toro, in Monterey (Jounty, and Santa Ana Moun- 
tain, in San Benito County, to Ross Mountain, and the vicinity of Fort Ross, in Sonoma 
County. This new continuous triangulation, as indicated on map No. 24, extends over an 
area 270 kilometers (170 miles) long and 80 kilometers (50 miles) wide, at its widest part. 
It includes the station known as Mocho, about 11| miles northeast from Mount Hamilton 

' Published by permission of the Superintendent of the Coast and Geodetic Survey. 

* See Appendix 9 of the Report of the Coast and Geodetic Survey for 1904| Triangulation in Cali- 
fornia, Part I, by A. L. Baldwin, Computer. 

’ Preliminary Report, State Earthquake Investigation Commission, Berkeley, May 31, 1906. 
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and a station on Mount Diablo, both on the eastern side of the fault and 53 kilometers 
(33 miles) from it. It also includes the Farallon Light-house on the west side of the fault 
and 36 kilometers (22 miles) from it. There were, in all, 51 old triangulation stations 
which were recovered and their new positions accurately determined by the new triangu- 
lation. The stations had been marked upon the ground by stone monuments, by bolts 
in rock, etc., or by permanent structures such as the Farallon Light-house, Point Reyes 
Light-house, and the small dome of Lick Observatory, or were themselves permanent 
marks; as, for example, Montara Mountain peak (a sharp peak). 

This continuous scheme consists of a chain of primary triangulation comprizing the 
eleven occupied stations. Mount Toro, Gavilan, Santa Cruz Azimuth Station, Loma Pri- 
eta. Sierra Morena, Mocho, Mount Tamalpais, Point Reyes Hill, Tomales Bay, Sonoma 
Mountain, and Ross Mountain; triangulation of the secondary grade of accuracy extend- 
ing from the stations. Mount Tamalpais, Mount Diablo, Rocky Mound, and Red Hill, to 
the Pulgas Base near the southern end of San Francisco Bay, and triangulation of a ter- 
tiary grade of accuracy in three different localities; namely, in the vicinity of Colma, west 
of San Francisco Bay, along Tomales Bay, and in the vicinity of Fort Ross, Sonoma 
County. 

The primary and secondary triangulation are shown on map No. 24, and the tertiary 
triangulation on map No. 25. On these two maps the straight blue lines indicate lines 
over which observations were taken in the new triangulation. The small red circles indi- 
cate stations marked upon the ground, of which the relative positions were fixt i)y the 
triangulation. Observations were taken in both directions over each blue line which 
is unbroken, thruout its length. Observations were taken in one direction, only, from 
the solid end toward the broken end, over each blue line which is broken at one end. 
A station from which no blue line is drawn unbroken was not occupied. The posi- 
tion of such a station was determined by intersections from the occupied stations. 

In addition to this continuous triangulation, a detached piece of new triangulation of 
the secondary grade of accuracy, connecting old triangulation stations, was done in the 
vicinity of Point Arena. (Sec map No. 25.) This makes the total number of old tri- 
angulation stations which were recovered and redetermined 61. 

In connection with the new trianguiation, astronomic determinations of azimuth or 
true direction were made by obsivvations on Polaris at the stations Mount Tamal- 
pais, Mocho, and Mount Toro. 

Four <liffcrent observers, each with his own complete outfit and party, were engaged 
in the now work for an aggregate period of 35 months. The observers were all field 
officers of the Coast and Geodetic Survey, with previous experience in trianguiation. 

Mr. J. F. Pratt, Assistant, was in the field from August 4, 1906, to July 2, 1907, and 
made the observations at the five primary stations, Ross Mountain, Sonoma Mountain, 
Tomales Bay, Point Reyes Hill, and Mount Tamalpais. 

Mr. W. B. Fairfield, Assistant, was in the field from August 11, 1906, to May 29, 1907. 
He did nearly all of the Tomales Bay trianguiation, made the observations at the primary 
stations, Mocho and Sierra Morena, and did a part of the secondary trianguiation in the 
vicinity of Pulgas Base. 

Mr. C. H. Sinclair, Assistant, was in the field from July 14, 1906, to April 10, 1907. 
He made the observations at the primary stations, Santa Cruz Azimuth Station, Loma 
Prieta, Gavilan, and Mount Toro, and also did a part of the secondary trianguiation in 
the vicinity of Pulgas Base. 

Mr. Edwin Smith, Assistant, was in the field from July 12 to July 24, 1906, engaged in 
making the reconnaissance and other preparations for trianguiation along Tomales Bay. 
He was then called away on other duty and Assistant Fairfield completed the Tomales 
Bay trianguiation. Between September 26, 1906, and February 26, 1907, Mr. Smith did 
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the secondary triangulation in the vicinity of Point Arena and the tertiary triangulation 
in the vicinity of Fort Ross and in the vicinity of Colma. 

These observers remained at their work continuously in spite of many delays and dis- 
comforts due to fog, rain, snow, gales, and roads which were at times nearly or quite 
impassable. To them must be given the credit for overcoming the difficulties and secur- 
ing the observations of the necessary high grade of accuracy. 

THE OLD TRIANGULATION. 

The old triangulation fixing the positions of the points before the earthquake of April 
18, 1906, was done in many years, extending from 1851 to 1899, as a part of the regular 
work of the Coast and Geodetie Survey and without reference to the possible future use of 
this triangulation as a means of determining the movements of permanent character due 
to earthquakes. During the earlier years certain parts of this old triangidation had 
existed as detached triangulation not connected with other parts. Before 1906, however, 
all parts of the old triangulation had been connected with each other by triangulation to 
form one continuous scheme. It was also connected with other triangulation extending 
to many parts of the United States, including many of the interior states, as well as the 
Atlantic and Gulf Coasts. 

In connection with studies of the evidence as to the earth movements set forth in this 
paper, it is important to note briefly the dates of the old triangulation which serves, 
in connection with the new triangulation of 1906-1907, to determine changes in positions 
of marked points on the earth’s surface. 

During the years 1854-1860 primary triangulation was carried from the stations. Rocky 
Mound, Red Hill, and Mount Tamalpais, northward to Ross Mountain, thru a primary 
scheme practically identical with that shown on map No. 24, except that the station 
Bodega was occupied in this earlier triangulation, tho not in 1906-1907. 

Tertiary triangulation, following substantially the scheme shown on map No. 25, was 
also done in 1856 to 1860, along Tomales Bay, starting with the line Tomales Bay-Bodega, 
of the primary triangulation referred to in the preceding paragraph. In connection with 
this work, the station Chaparral of the Fort Ross triangulation, shown on map No. 25, 
was also determined. 

Primary triangulation was done during the years 1851 to 1854, connecting the group of 
stations. Mount Diablo, Rocky Mound, Red Hill, with the Pulgas Base, the scheme being 
somewhat different from that shown on map No. 24, but equally direct and strong. 

During the years 1854-1855, 1864, 1866, primary triangulation was done connecting the 
stations in the vicinity of Rocky Mound, referred to in the preceding paragraph, with 
stations Gavilan, Santa Cruz, and Point Pinos Light-house around Monterey Bay. 
This triangulation, for the greater part of its length, consists of a single chain of tri- 
angles, affording, therefore, comparatively few checks upon the results. 

This practically completes the statement of triangulation done before 1868 which is 
concenied in the present investigation. The extent of the triangulation done between 
1868 and 1906 is stated separately in the following paragraplis. 

Northward of tho line Mount Diablo-Mount Tamalpais, but one station of the primary 
scheme, shown on map No. 24, was determined by primary triangulation in the inter- 
val 1868-1906; namely, Ross Mountain. It was determined directly from the stations 
Mount Tamalpais, Mount Diablo, and Mount Helena of the transcontinental triangulation.' 

During the years 1876-1887, primary triangulation was extended southward (by sub- 
stantially the same scheme as that shown on map No. 24, except that station Gavilan 
was omitted) from the line Mount Diablo-Mount Tamalpais to the line Mount Toro- 

* See The Transcontinental Triangulation, Special Publication No. 4, pp. 597-608. 
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Santa Ana. Some pointings were also taken on Gavilan, Point Pinos Light-house, and 
other stations in this vicinity, but not from a sufficient number of stations to furnish 
checked determinations independent of earlier determinations made before 18(18. 

Secondary triangulation near Point Arena, forming the western extremity of the trans- 
continental triangulation, was done in the interval 1870-1892, the scheme being sub- 
stantially the same as that shown on map No. 25, except that all stations were occupied. 
The triangulation fixing the initial stations, Fisher and (Dold Spring, has been published.* 

Tertiary triangulation in the vicinity of Fort Ross was done in 1875-1876, following a 
scheme similar to that shown on map No. 25, and starting from the line Bodega Head- 
Ross Mountain, as determined before 1868. 

Tertiary triangulation was done during various years from 1851-1899, extending from 
the vicinity of the Pulgas Base northward, spanning San Francisco Bay, to the Golden 
Gate, and thence southward to the vicinity of Colma, including stations shown on sketch 
No. 4 on map No. 25. The greater portion of this triangulation was done before 1868, 
but it is impracticable to separate the computations into two parts dealing with triangu- 
lation before and triangulation after 1868, respectively. 

PERMANENT DISPLACEMENTS PRODUCED BY THE EARTHQUAKES OF 1868 AND 1906. 

The following tables, Nos. 1, 2, and 3, show the permanent displacements of various 
points as caiLscd by the earthquakes of 1868 and 19()6. These permanent displacements 
were determined by comparisons of the iwsitions of identical points upon the earth’s 
surface as determined by triangulation done before and after the earthquakes in question. 

While for the sake of brevity in statement these movements are referred to the earth- 
quakes of 1868 and 1906, the evidence furnished by the triangulation simply indicates 
the fact that the di.splacements in question took place sometime during the two blank 
intervals within which there was no triangulation done fixing the points in question; 
namely, the interval 1866-1874, including the 1868 earthquake, and the interval 1892 to 
July, 1906, including the 1906 earthquake. Neither does the triangulation furnish any 
evidence indicating wlmthcr the displacements took place gradually, extending over 
many months and po.s.sibly years, or whether they took place suddenly. The evidence 
connecting the displaciiinents of 1906 with the particular earthejuake and indicating that 
they were sudden comes from other sources and will be commented upon later in this 
report. 

The permanent displacements indicated in tables 1, 2, and 3, must l)e cansfully dis- 
tinguished from the vibrations of a more or les.s elastic character which take place during 
earthquakes. These vibrations die down in a few seconds, minutes, or hours. While 
they are in progress, a givim point on the earth’s surface is in continuous motion along a 
more or less (!omi)li<!ated path which turns upon itself and loaves the point, at the end of 
the vibration, near the initial position. The displacements indicated in tables 1, 2, anil 
3, on the otluT hand, remain for years, passibly for centuries. They are of a permanent 
character. The displaced point remains in the new position until another displaccnuuit 
occurs in some later earthquake, or jiossibly by slow relief of strain accompanied by a 
creeping motion which causes a new ])crinancnt displacement. In tables 1, 2, and 3, the 
first column gives the name of the station by which it may also bo iiicntified on map 24 
or on map 25, or both. The second column gives its latitude at the time indicated in the 
heading. The third column gives the secoiuls, only, of the new latitude at the later times 
indicated in the heading. The fourth and fifth columns have the same significance with 
reference to the longitude that the second and third have with reference to the latitude 
of each point. The sixth column gives the north and south component of the displacei- 

* See The TransKiontinciital Triangulation, Special Publication No. 4, pp. 697-610. 
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» Though the absolute displacements in Group 3 are all doubtful, only two of the relative displacements are doubtful; namely, BoniU Point Light-house and Montara Mountain Peak. 
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Table 3. — Combined Displacements of 1868 and 1906. 
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ment along a meridian. A plus sign in this column means that the point moved toward 
the south. The seventh column shows the east and west component of the motion. 
A plus sign in this column means that the point moved toward the cast. The sixth and 
seventh columns were computed by converting the changes in latitude and longitude, 
respectively, into meters. 

By combining the values given in columns 6 and 7, the direction and amount of the 
displacement were obtained as shown in columns 8, 9, and 10. In column 8 the direc- 
tion of displacement is given, reckoned as geodetic azimuths are usually reckoned, clock- 
wise around the whole circumference from south as zero. In this reckoning, west is 90**, 
north, 180®, and east, 270®. Column 9 gives the amount of displacement in meters 
and column 10 gives it in feet. Column 1 1 shows the approximate distance of the point 
from the fault of 1906, measured approximately at right angles to the fault. In this 
column E indicates that the point is to the east of the fault and W that it is to the west. 

For example : The fifth line of table 1 indicates that during the earthquake of 1906 the 
Farallon Light-house moved 0.83 meter north and 1.57 meters west, or, in other words, 
moved 1.78 meters (5.8 feet) in azimuth 118®, or 62® west of north, and that it is 37 
kilometers (23 miles) from the fault of 1906 and to the west of it. 

In the heading, the expression “Before 1868” refers to years within the interval 
1851-1866. The expression “After 1868” refers to years within the interval 1874-1891, 
and “1906-1907” refers to dates within the interval July, 1906-July, 1907. 

The latitudes and lon^tudes given in tables are all computed upon the U. S. Standard 
Datum and differ somewhat from those now in use on the charts and maps of this region. 
They are, however, the latitudes and longitudes to which all charts and maps should ulti- 
mately conform. 

Table 1 shows the displacements which occurred on April 18, 1906; table 2 shows the 
displacements which occurred in 1868, and table 3 shows the total, or combined displace- 
ments in both 1868 and 1906. 

For some cases, as, for example. Point Reyes Hill, the separate displacements were not 
directly determined by the triangulation but only the combined displacements. In such 
cases, if probable values could l)e derived for the separate displacements, indirectly, by 
inference from surrounding points, they were so derived and placed in the table. In each 
case, such inferred displacements are clearly distinguished in the table from others which 
were determined directly by measurement, by leaving the third and fifth columns blank 
and by having the values in the sixth to tenth columns onclo.sed in parentheses. 

All of the displacements given in tables 1-3 are computed upon the assumption that the 
two stations. Mount Diablo and Mocho, remained unmoved during the earthquake of 
April 18, 1906. The reasons why this assumption is believed to be true will be set forth 
fully in a later part of this report. 

In the tables the points arc separated into seven groups for convenience of discu.ssion. 
Each group of points is fixt by a portion of the triangulation which may conveniently be 
considered as a unit in discussing the magnitude of the possible errors of the triangulation. 
The discussion of the observed displacements and the degree of certainty in regard to them 
is given after the tables and deals with each group in succession. 

The apparent displacements, as shown in the above tables, are of courst; in part due to 
the unavoidable errors in the triangulation and in part are doubtless actual displacements 
of the points. The triangulation furnishes within itself the means of estimating its 
accuracy. If the observations were absolutely exact, the sum of the observed angles of 
each triangle would be exactly 180® plus the spherical excess of that triangle, and more- 
over the computation of the length of the triangle sides would show no discrepancies, 
starting from a given line and ending on a selected line, but proceeding thru the various 
alternative sets of trian^es which it is possible to select connecting said lines. In any 
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actual case, neither of these ideal conditions is found. Each triangle has a closing error, 
and the lengths computed along different paths thru the triangulation show discrepancies. 
These closing errors and discrepancies are a measure of the accuracy of the triangulation. 

The triangulation, both old and new, was adjusted by the method of least squaro.s. 
This method of computation, as applied to triangulation, takes into account simul- 
taneously all the observed facts in connection with a group of triangulation stations and 
also all the known theoretical conditions connecting the observed facts ; such, for example, 
as those mentioned in the preceding paragraph, in regard to closures of triangles and dis- 
crepancies in length. It is the most perfect method of computation known. The results 
of the computation arc a set of lengths and azimuths (true directions) of lines joining the 
triangulation stations and of latitudes and longitudes defining the relative positions of 
the stations which are perfectly consistent; that is, contain no contradictions one with 
another and arc the most probable values which can be derived from the observations. 
In such a computation, the measures of the accuracy of the computed results appear in 
the form of corrections to observed directions from station to station, which it is necessary 
to apply in order to obtain the most probable results given by the computation. The 
greater the accuracy of the observations the smaller are the corrections to directions. 

In the problem in hand, in which, at least for some points, the ol)served apparent dis- 
placement is of about the same magnitude as the possible error in the apparent displace- 
ment due to accumulated errors of ol)servation, it is necessary to make a careful estimate 
of the errors of observation and of the uncertainties of the computed displacements. 
This has been done and the estimates are given in general terms in the following text and 
are indicated in the last column of the tables. These estimates will help the reader to 
avoid drawing conclusions in detail not warranted by the facts. 

Group 1. Northern part of primary triarujidation . — In this group, as shown by tables 1-3 
(see also map 24), there are 11 points of which the positions were redetermined after the 
earthquake of April 18, 1906. Of these, 9 had been determined before 1868 and 7 
between 1868 and 1906. 

There is about 1 chance in 3 that each of the two apparent displacements of Rocky 
Mound, 0.50 meter (1.6 feet), in 1868 (table 2), and 0.34 meter (1.1 feet), in 1906 (table 1), 
is simply the result of errors of observation. Similarly there is about 1 chance in 3 that 
the apparent displacement of Red Hill in 1868, 0.65 meter (2.1 feet), is the result of 
errors of observation. The chances arc about even for and against the apparent dis- 
placement of Rod Hill in 1906, 0.30 meter (1.0 foot), being simply the result of errors of 
observation. The effect of errors of observation upon the apparent displacements arc 
larger at these two points than they otherwise would be on account of the difficulty in 
this vicinity of separating the triangulation into two complete schemes, one before 1868 
and one after that date, each strong and complete. 

According to the evidence furnished by the triangulation, the apparent displacement 
of Ross Mountain in 1906, 0.53 meter (1.8 feet) in azimuth 309° (51° E. of S.), is prob- 
ably the result of errors of observation. This apparent displacement as computed depends 
on the accumulated errors of the two triangulations from Mount Diablo to Ross Mountain, 
a distance of 130 kilometers (81 miles). The apparent displacement of 0.53 meter almost 
directly toward Mount Diablo corresponds to a shortening on the line Ross Mountain- 
Mount Diablo by 1 part in 250,000, too small a change to be detected with certainty 
by the triangulation. 

On the other hand, there is about 1 chance in 15 that the apparent displacement of 
Ross Mountain in 1868, 1.70 meters (5.6 feet), is due to errors of observation. It is 
reasonably certain that this is a real displacement. 

The chances are about even for and against the apparent displacement of Point Reyes 
Light-house in 1906, 1.09 meters (3.6 feet), being duo simply to errors of observation. 
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There is about 1 chance in 7 that the apparent displacement of Bodega, shown in table 
3, is due to errors of observation. It is reasonably certain that this is a real displacement. 

For the remaining six points in group 1, Sierra Morena, Mount Tamalpais, Farallon 
Light-house, Point Reyes Hill, Tomales Bay, and Sonoma Mountain, each of the appar- 
ent displacements given in the tables as observed is real, being in each case clearly 
beyond the maximum which could be accounted for as errors of observation. 

Prof. George Davidson has believed for many years that Mount Tamalpais moved dur- 
ing the earthquake of 1868 and that the triangulations made before and after that date 
showed such a displacement. Accordingly in 1905, at his request, a reexamination was 
made at the Coast and Geodetic Survey office of the evidence furnished by the triangula- 
tions, and the conclusion was reached that a real displacement of Mount Tamalpais 
occurred in 1868. At that time, however, convincing evidence was not discovered that 
any other triangulation station moved in 1868. In the more extensive studies made in 
connection with the present investigation, and with the additional skill acquired in 
recognizing the effects of earthquakes upon triangulation, it became evident, as shown 
in table 2, not only that Moimt Tamalpais moved in 1868, but also that the Farallon 
Light-house and Ross Mountain moved at that time, the three apparent displacements 
being clearly beyond the range of possible errors of triangulation. The displacements 
for these tliree stations are similar. The amount of the displacement is least at Faral- 
lon Light-house, 1.39 meters (4.6 feet), and greatest at Ross Mountain, 1.70 meters 
(5.6 feet). The azimuth of the displacement is least at the Farallon Light-house, 153° 
(27° W. of N.), and is greatest at Ross Mountain, 182° (2° E. of N.). (See map 24.) The 
apparent differences in direction and amoimt of the three displacements may or may 
not be real. It is certain therefore that in 1868 the large part of the earth’s surface 
included between these three stations, at least 700 square miles, moved about 1.5 meters 
(4.9 feet), in about azimuth 168° (12° W. of N.). 

Within the triangle defined by the three stations. Mount Tamalpais, Farallon Light-house, 
and Ross Mountain, which certainly were displaced in 1868, are the three stations. Point 
ReyesHill, Tomales Bay, and Bodega, of group 1. It is therefore believed to be reasonably 
certain that these stations were displaced at that time. The probable displacements were 
interpolated from the three displacements observed at the first three stations, taking into 
account the relative positions of the stations. The resulting interpolated displacements 
are shown in table 2. Other evidence, tending to show that these interpolated values of 
the displacements are real, will be brought forward later. 

For the three stations. Point Reyes Hill, Tomales Bay, and Bodega, the positions were 
determined before 1868 and after the earthquake of 1906, but not during the interval 
1868-1906 ; hence the computation of the positions determined by triangulation for these 
stations furnishes simply the combined displacements of 1868 and 1906 as shown in table; 
3. As noted in the preceding paragraph, the displacement of 1868 has, for these three 
stations, been interpolated from surrounding stations and entered in table 2. ’Die 
differences ‘ between these inferred displacements in table 2 and the ob.served combined 
displacements in table 3 were then taken and are shown in table 1, as inferred displacc;- 
ments in 1906. As indicated in the marked column of table 1, these inferred displace- 
ments are believed to be certain for two of these points and somewhat doubtful for the 
third. Bodega. 

The doubtful apparent displacements at Rocky Mound and Red Hill in 1808 (see table 
2) agree with otW displacements which are certain, in having a decided northward 
component. 

In table 1, showing the displacements of 1906, there are three stations, Sierra Morena, 
Mount Tamalpais, and Farallon Light-house, at which observed displacement is certain, 

* The differences were taken separately for the meridian components and the prime vertical com- 
ponents and then combined to secure the direction and amount of the resultant. 
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and two others, Point Reyes Hill and Tomalcs Bay, in group 1, at which the displacement 
inferred from indirect evidence is considered certain. Of these live stations, the four 
which are to the westward of the fault of 1906 moved northwestward and the one which 
is to the eastward of the fault, Mount Tamalpais, moved southeastward (see map 24). 
The displacements of four of the five points were nearly parallel, their azimuths being 
for Sierra Morena, Point Reyes Hill, and Tomales Bay, 136®, 143®, and 142® respectively, 
with a mean of 140® (40® W. of N.), while that of Mount Tamalpais was 324® (36® E. of S.). 
The azimuth of the displacement at the fifth, Farallon Light-house, is 118® (62® W. of N.) 
at an angle of about 22® with the other foiur. The portion of the fault near these points 
has an azimuth of about 14.')® (35® W. of N.), hence the displacement of four of the five 
points was practically parallel to the fault, the departure being in each case within the 
range of possible error of the determination of the displacement. For the four points 
to the westward of the fault, the amounts of the displacement are in the inverse order of 
their distances from the fault, with the exception of Sierra Morena. For Tomales Bay, 
which is only 2.1 kilometers (1.3 miles) from the fault, the displacement is greatest, 3.89 
meters (12.8 feet), and for the Farallon Light-house, which is 37 kilometers (23 miles) 
from the fault, the displacement is much less, 1.78 meters (5.8 feet). 

From these five stations, one may deduce four laws governing the distribution of the 
earth movement which occurred on April 18, 1906. First, points on opposite sides of the 
fault moved in opposite directions, those to the eastward of the fault in a southerly direc- 
tion and those to the westward in a northerly direction. Second, the displacements of all 
points were approximately parallel to the fault. Third, the displacements on each side 
of the fault were less, the greater the distance of the displaced points from the fault. 
Fourth, for points on opposite sides of the fault and the same distance from it, those 
on the western side were displaced on an average about twice as much as those on the 
eastern side. 

If the proof of these four deduced laws rested upon the evidence of these five stations 
only, it would be insufficient to convince one. Much other evidence in proof of these four 
deduced laws will be shown in this report. The laws are here stated in order that they 
may be kept in mind and t(!stcd by the evidence as presented. 

The apparent displacements of the remaining five points of group 1 may now be com- 
pared with the stated laws. 

The displacement of Point Reyes Light-house, believed to be determined with reasonable 
certainty, is apparently about 1.6 meters (5 feet) greater than and differs about 32® in 
direction from the displacement which might be inferred from the above laws and com- 
parison with the surrounding stations. 

The displacement of Bodega, of which the determination is somewhat doubtful, is just 
what would be inferred from the deduced laws, as its amount is greater than for Mount 
Tamalpais, corresponding to the fact that it is closer to the fault, and its azimuth agrees 
within 2® with that of the fault. 

The displacement of Ross Mountain, of which the determination is doubtful, agrees 
very closely in amount with that at Mount Tamalpais and differs only 15® in direction. 
Ross Mountain is on the same side of the fault as Mount Tamalpais and at practically 
the same distance from it. 

The apparent displacements of Rocky Mound and Rod Hill, 32 and 19 kilometers 
(20 and 12 miles) from the fault and to the eastward of it, of which the determinations are 
doubtful, agree with the laws in being small but are contradictory as to direction. 

For Sonoma Mountain the triangulation serves to determine the combined displacements 
of 1868 and 1906 as shown in table 3, but not the separate displacements, as this station 
was not involved in triangulation done between 1868 and 1906. The combined displace- 
ments at Sonoma Momitain are of about the same amount and are in approximately the 
same azimuth as displacements of 1868 at Mount Tamalpais, Point Reyes Hill, Tomales 
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Bay, Bodega, and Ross Mountain (see table 2). Some of the internal evidence of com- 
putations of triangulation indicate that Sonoma Mountain moved in 1868. According 
to the general laws of distribution of the earth movement of 1906 as derived from other 
stations Sonoma Mountain did not move much, if any, being far to the eastward of 
the fault, 34 kilometers (21 miles). For these three reasons it is believed to be prob- 
able that the whole displacement of Sonoma Mountain, 1.24 meters (4.0 feet), in azimuth 
183® (3® E. of N.), which certainly took place sometime between 1860 and July, 1906, 
all occurred in 1868. 

Group 2. Southern end of San Francisco Bay. — In this group there arc three new 
points not yet considered and Red Hill which has already been considered in group 1. 
The three new stations. Guano Island, Pulgas Blast Base, and Pulgas West Base (see 
map 24), were determined in 1851-18.^ and again after the earthquake of 1906. No 
determination was made between 1868 and 1906, hence these points are entered in table 3, 
the combined displacements of 1868 and 1906 being determineri, but not the separate 
displacements. 

A study of the errors of the triangulation shows that the apparent displacement of 
Guano Island, 0.21 meter (0.7 foot), is prolmbly due to errors of observation, and that 
there is one chance in three that the apparent displacement of Pulgas East Base, 0.41 
meter (1.3 feet), is also due to errors of observation. 

The determination of the displacement of Pulgas West Base, 0.74 meter (2.4 feet), is 
reasonably certain, there being about one chance in twcdvc that it is due to errors of 
observation. 

Tho the determinations of the separate apparent displacements of Red Hill in 1868, 
0.65 meter (2.1 feet), and in 1906, 0.30 meter (1.0 foot), are each doubtful, the combined 
displacement as observed, shown in table 3, 0.94 meter (3.1 feet), is certain. 

It is therefore reasonably certain that there was a relative displacement of Pulgas West 
Base and Red Hill as indicated in table 3, Red Hill moving 0.94 meter (3.1 feet), in azi- 
muth 227® (47® E. of N.), and Pulgas West Base 0.74 meter (2.4 feet), in azimuth 344® 
(16® E. of S.). This lengthened the line Pulgas West Base to Red Hill, 16 kilometers 
(10 miles) long, 0.50 meter (1.6 feet), or one part in 32,000. It also changed the azimuth 
of this line by 11'^, from 240® 44' 35" to 240® 44' 24", rotating it in a counterclockwise 
direction. 

The red arrows on map 24, showing apparent displacements, indicate that the apparent 
displacements of Guano Island and Pulgas East Base, which arc considered doubtful, 
are not inconsistent with the displacements of Red Hill and Pulgas West Base. Appar- 
ently the area included between these four stations was distorted by stretching and 
rotated in a counterclockwise direction. 

There is no evident method of ascertaining whether the displacement of Pulgas West 
Base took place in 1868 or 1906 or in part at each time. The displacement is nearly in 
the direction corresponding to the laws governing the displacements of 1906, as already 
stated in connection with group 1. Pulgas West Base is to the eastward of the fault of 
1906 and slightly nearer to it than Mount Tamalpais and Ross Mountain and hence, 
according to the laws referred to, should be displaced in the same direction as these two 
points (see table 1), and by a similar amount. This is the fact. 

Group 3. Vicinity of Colma. — There are nine points in group 3 all determined by 
triangulation in 1899 or earlier, and redetermined after the earthquake of 1906 (see table 
1). The earlier determination was made by secondary and tertiary triangulation, ex- 
tending from the vicinity of Pulgas Base northwest, spanning San Francisco Bay to the 
Golden Gate, and thence southward to Colma. The earlier positions of these nine points 
are subject to the effect of accumulated errors in this chain of triangulation about 60 
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kilometers (40 miles) long. They are subject, therefore, to an error of position common to 
them all, which may be as great as 7 meters (23 feet). With the exception of Montara 
Mountain Peak and Bonita Point Light-house these points arc all witUn 13 kilometers 
(8 miles) of San Bruno Mountain and therefore their relative positions were determined 
with considerable accuracy. 

In the triangulation of 1906-1907, the position of San Bruno Mountain, which is in the 
midst of this group, was determined by secondary triangulation in connection with group 
2 as indicated on maps 24 and 25, a direct and strong determination. The new azimuth 
was also carried into the triangulation of group 3 with a high degree of accuracy in this 
same manner. No new determination was made of the sorting length in group 3. It 
was assumed that the length San Bruno Mountain to Black Ridge 2 had remained un- 
changed during the earthquake of 1906 and the old value of that length was used in the 
computation of the triangulation of 1906-1907. As a check upon the assumption that 
this length remained unchanged, it is to be noted that the azimuths of this line before 
and after the earthquake of 1906 were found to differ only by 9.3", which is within the 
possible range of errors of observation in the earlier triangulation. 

For the reasons stated above, the apparent absolute displacements shown in table 1 
fur group 3, as referred to Mocho and Mount Diablo as fixt points, are probably due 
to errors of observation. 

On account, however, of the fact that seven of the nine points in this group are within 
a rather small area, their relative displacements arc detennined with considerable ac- 
curacy, the errors of length and azimuth having less effect in producing errors in relative 
positions, the smaller the ares covered by a triangulation. Montara Mountain Peak and 
Bonita Point Light-house are each determined with a low giude of accuracy. They are 
each far from the stations occupied in the triangulation and the lines which determine 
them intersect at a small angle; hence even their relative displacements are uncertain. 
The relative displacements olracrved for the remaining seven points after omitting these 
two are certain, Ix'ing beyond the possible range of errors of observation. 

The apparent absolute displacements for this group of points (see table 1 and map 25) 
indicate that all points on the eastern side of the fault moved in a southerly direction, 
and those on the western side in a northerly direction ; that the displacements tend to be 
parallel to the fault, the more doubtful displacements showing the greater angles with the 
fault; and that the amounts of the displacement are in the inverse order of the distances 
of the stations from the fault, with two exceptions. These exceptions are San Pedro 
Rock, of which the relative displacement is determined with sufficient accuracy to establish 
this as a real exception; and Bonita Point Light-house, for which the apparent displace- 
ment as observed is so uncertain that this apparent exception has but little significance. 
Of the four points, all on the western side of the fault, of which the relative displacements 
are believed to be certain, as indicated in table 1, the azimuths of the displacements vary 
from 151° to 169°, with a mean of 157° (23° W. of N.). The azimuth of the fault in this 
vicinity is 144° (36° W. of N.). 

The relative displacements on opposite sides of the fault and near to it arc less in this 
group (2 to 3 meters) than for points at a similar distance from the fault in group 1 ; 
namely. Point Reyes Hill, Tomales Bay, and Bodega (5 to 6 meters). 

Growp 4. Tomales Bay. — There are seven points in this group (see tables 1 to 3 and 
maps ^ and 25). These were hxt in 1856-1860 by tertiary triangulation extending 
southeastward along Tomales Bay from stations Tomales Bay and Bodega of group 1. 
They were fixt again in practically the same manner in 1906 after the earthquake. 

With these seven points may advantageously be considered the three points. Point 
Reyes Hill, Tomales Bay, and Bodega, which were fixt in group 1. 
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No one of these ten points was detennined between 1868 and 1906, hence the observa- 
tions served to determine the combined displacements of 1868 and 1906, as shown in 
table 3, but not the separate displacements. The separate displacements have been de- 
termined by interpolation from surrounding stations for the three points. Point Reyes 
Hill, Tomates Bay, and Bodega, as indicated in the discussion of group 1. The same 
process has also ^n applied to the seven points of group 4. 

Starting with the interpolated displacements of 1868 for the three points. Point Reyes 
Hill, Tomales Bay, and Bodega, as shown in table 2, and with map 25 before one, it was a 
simple matter to interpolate separately the meridian components and the prime vertical 
components of the displacements of 18^ for the seven stations of group 4. This amounts 
practically to interpolating the displacements for these points from the three observed 
displacements of 1868 at Mount Tamalpais, Farallon Light-house, and Ross Mountain. 
The resulting interpolated displacements of 1868 are shown in taMe 2. Each of these 
being subtracted, component by component, from the corresponding combined displace- 
ment of 1868 and 1906, as shown in table 3, leaves the displacement of 1906 as shown 
in table 1. 

A study of the possible accumulated errors in the triangulations shows that all of the 
seven displacements of 1906 in group 2 are certain except for Hans and Hammond. 
There is about one chance in hve that the apparent displacements of 1906 for these two 
points are simply due to errors of observation. 

The ten displacements of 1906 in tliis group show clearly the four laws already sug- 
gested in regard to such displacements. All points to the eastward of the fault moved 
southerly and those of the western side, northerly. Four of the five points to the west- 
ward of the fault moved in azimuths between 141® and 143® with a mean of 142® (38® W. 
of N.). The azimuth of this part of the fault is about 145® (35® W. of N.). The azi- 
muth of the 6fth displacement on the west side, at Bodega Head, is 172® (8° W. of N.}. 
The azimuths of the three reasonably certain displacements of points to the eastward of 
the fault vary from 323® to 348® with a mean of 334® (26® E. of S.), which is within 9® of 
being parallel to the fault. Of the five points to the westward of the fault, the one nearest 
to the fault, Foster, has the greatest displacement. The other four, all between 2.0 
and 2.7 kilometers from the fault, have nearly equal displacements. The five displace- 
ments for points to the eastward of the fault show ajslight tendency to stand in inverse 
order from the distances from the fault. But one only of these displacements differs by 
more than 0.42 meter (1.4 feet) from the mean of the five, and the estimated distances 
from the fault vary only from 0.5 to 2.6 kilometers. When the uncertainty of the posi- 
tion of the fault beneath Tomales Bay is considered, as well as the small variation 
in distance of these ten points from the fault, difficulties are to be expected in 
detecting the relation between displacement and distance from the fault in this group. 
The mean displacement of the points to the eastward of the fault is 1.86 meters 
(6.1 feet) and of the five points to the westward 2.1 times as much, namely, 3.88 meters 
(12.7 feet). 

Group 5. Vicinity of Fort Ross. — There are twelve points in this group, all de- 
termined by secondary triangulation in 1875-1876 and again in 1906, the scheme of 
triangulation being in each case substantially the same as that shown on map 25. The 
base from which these positions arc determined is not independent of observations made 
before 1868, but is gotten by making the observations preceding that date conform to 
those made between 1868 and 1906. From the small size of the necessary corrections to 
the observed angles, and from the fact that the position of Ross Mountain, which pre- 
dominates the group, is determined by observations made entirely after 1868, the error of 
assuming that these twelve points belong to the period between 1868 and 1906 is deemed 
negligible. 
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For one pomt. Chaparral, observations made in 1860 furnish a determination of the 
position before 1868, and hence the displacement of this point in 1868 (see table 2) is 
determined as well as its displacement in 1906. The displacement of 1868 agrees closely, 
within less than 0.13 meter (0.4 feet) in amount and 9° in direction, with the displace- 
ment at that time at Ross Mountain, 5.7 kilometers (3.5 miles) to the eastward. 

A study of the possible accumulated errors in the triangulation shows that five of the 
observed disfdaccmcnts in this group, as referred to Mocho and Mount Diablo, are clearly 
beyond the range of possible errors of observation; namely, those at Fort Ross, Fimcke, 
Timber Cove, Stockhoff, and Pinnacle Rock. For the remaining seven displacements, 
there are from one to two chances out of ten that they are due entirely to errors of observa- 
tion, and these displacements are therefore reasonably certain. The relative displacements 
of pairs of points on opposite sides of the fault and near to each other in this group are 
certain, being in every case clearly beyond the range of possible errors of observation. 

The apparent displacements in 1906 of the twelve points in this group conform closely 
to the four deduced laws governing such disidacements. The seven points to the west- 
ward of the fault moved in a northerly direction, in azimuth varying from 137° to 158°, 
with a mean of 144° (36° W. of N.). The azimuth of the fault in this region is about 141° 
(39° W. of N.^). All five points to the eastward of the fault move^l southerly, in azimuth 
varying from 301° to 328° with a mean of 318° (42° E. of S.). All of the points in this 
group are within 3.2 kilometers (2.0 mile.s) of the fault and therefore give little opportu- 
nity to ascertain whether the amounts of the displacements show any relation to dist:inccs 
from the fault. Such a relation is not clearly discernible among the observed displact*- 
ments. The evidence of the apparent displacement at Ross Mountain (see table 1), 
6.2 kilometers (4.2 miles) to the eastward of the fault, indicates a decrease of displacement 
with incretise of distance from the fault in that direction. The average displacement of 
the five points to the eastward of the fault is 1.44 meters (4.7 feet) and that of the sev(‘n 
points to the westward is 1.5 times as great, namely, 2.11 meters (6.9 feet). 

Group 6. Point Arena. — In this group there are ten points determined by seconilary 
triangulation in 1870 to 1892 that were redetermined by secondary triaugulation in 1906, 
starting from the stations Fisher and Cold Spring, 11.2 and 13.5 kilometers eastward fronr 
the fault respectively. (See map 25.) A study of the possible errors in the triangulation 
shows that all of the observed displacements in this group are certain, each being clearly 
greater than the maximum possible errors of observation. There is a possibility that the 
assumption that the two stations, Fisher and Cold Spring, remained unmoved in 1906 is 
in error. The movement, if any, of these stations was probably about the same for both 
stations and in a southerly direction and parallel to the fault. If such a movement of 
thc.se stations occurred, the computed displacements in 1906, shown in table 1 and on map 
25, arc all too small for stations to the eastward of the fault, and too groat for stations to 
the westward of it. 

The agreement of the observed displacements of the ten points in this group with the 
four deduced laws is close. The ax points to the westward of the fault moved in azi- 
muths varying thru a range of 5° only, from 159° to 164°, with a mean of 162° (18° W. of 
N.). The fault in this vicinity is said to change in azimuth, near the point where it crosses 
the coast-line, from about 144° to about 164° (16° W. of N.), curving to the eastward. 
The four points to the eastward of the fault moved in azimuths varying from 324° to 340° 
with a mean of 330° (30° K. of S.). The station Shoemake, comparatively near to the 
fault, 1.5 kilometers (0.9 mile), on the west side, showed a displacement much larger than 
any of the other five points on that side, all of which are from 5.7 to 7.6 kilometers from 
the fault. The two points to the eastward of the fault which are within less than 1 
kilometer of it were displaced nearly twice as much as the other two which are ncm'ly 
4 kilometers from the fault. The average displacement for the four points to the east- 
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ward of the fault is 1.16 meters (3.8 feet) and for the'six to the westward is 2.3 times as 
great, namely, 2.71 meters (8.9 feet). 

Growp 7. SouOiem part of primary triangtdcUion. — In this group, extending south- 
ward from the line Mocho-Sierra Morena, there are nine points (see map 24) of which the 
positions were redetermined after the earthquake of 1906. Of these, one, Loma Prieta, 
had been formerly determined both before and after the earthquake of 1868; five others 
had been determined before 1868 but not after, and three had been determined after but 
not before 1868. (Sec tables 1 to 3.) In this group, therefore, but one point is available 
to show the displacement of 1868. 

The triangulation of 1854-1855, starting from the line Ridge to Rocky Mound near the 
Pulgas Base, consisted of a single chain of triangles with all angles measured, down to the 
line Loma Prieta-Gavilan. The Point Pinos Light-house and the Point Pinos Latitude 
Station were connected with this chain, and with checks, by observations in 1854, 1864, 
and 1866. 

The main triangulation of 1876-1887, from the line Mount Diablo-Mocho to the line 
Mount Toro-Santa Ana, consisted of a strong chain of figures with many checks, being 
substantially as shown on map 24 if Gavilan be omitted and all stations occupied. In 
this triangulation, however, no complete independent determinations with checks were 
made of Black Mountain, Santa Cruz Azimuth Station, Gavilan, Point Pinos Light- 
house and Point Pinos Latitude Station. 

The triangulation of 1906-1907 was made as shown on map 24. Two separate least 
square adjustments were made of the main scheme connecting the points Mount 
Diablo, Mocho, Sierra Morena, Loma Prieta, Mount Toro, Gavilan, and Santa Ana. 

In the first adjustment, it was assumed, as for the computations of other groups, that 
Mount Diablo and Mocho only remained unmoved during the earthquake of 1906. This 
first adjustment showed an apparent displacement of Santa Ana in 1906 of 3.26 meters 
(10.7 feet), in azimuth 288*^ (72** E. of S.), but an examination in detail of the possible accu- 
mulated errors in the triangulation showed that this apparent displacement was probably 
due to errors of observation. The new primary triangulation is much weaker in the figure 
defined by the five points, Mocho, Loma Prieta, Mount Toro, Gavilan, and Santa Ana, 
than elsewhere for two reasons. First, the length must be carried without a check 
thru the triangle Loma Prieta, Mocho, Mount Toro, of which only two angles were meas- 
ured and this triangle is very imfavorable in shape for an accurate determination of 
length. Second, it so happened that the least accurate observations made in the pri- 
mary triangulation were in this triangle or in its immediate vicinity. 

In the second and adopted adjustment it was assumed that Santa Ana, as well as 
Mount Diablo and Mocho, remained unmoved during the earthquake of 1906. The 
astronomic azimuth had been observed at Mount Toro in 1885 and again after the 
earthquake of 1906. These two observations measured the absolute change in azimuth 
of the line between Mount Toro and Santa Ana and indicated it to be 2.5*', the later 
azimuth being the greater. This was utilized to strengthen the adjustment. 

In view of the evidence of stations farther north, the assumption that Santa Ana re- 
mained unmoved is reasonably safe. Santa Ana is about 27 kilometers (17 miles) to the 
eastward from the point at which the fault disappeared near the village of San Juan. 
There is no station an}rwhere in the triangulation more than 6.4 kilometers to the eastward 
of the fault for which any displacement in 1906 was determined with certainty. 

If Santa Ana was displaced in 1906, the erroneous assumption introduces an error into 
the computed displacements at the stations Gavilan, Mount Toro, Point Pinos Light- 
house, and Point Pinos Latitude Station, of about the same amount as the actual dis- 
placement at Santa Ana. The error produced in the computed displacement at Santa 
Gruz Light-house and Santa Cruz Azimuth Station must be much smaller, and no error 
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would be produced at Loma Prieta. Taking the uncertainty in regard to the estimaUid 
stability of Santa Ana into account as well as the possible errors in the triangulation, 
the following estimates of the uncertainties of the apparent displacements were made. 

The displacements of Loma Prieta in 1906 and 186S (see tables 1 and 2) are both 
certain. 

The displacements of Black Mountain, Santa Cruz Azimuth Station, Gavilan, Point 
Pinos Light-house, and Point Pinos Latitude Station, as shown in table 3, are also certain. 
These are ail combined displacements of 1868 and 1906. These stations wore not deter- 
mined between 1868 and 1906, hence it is not possible to determine directly from the obser- 
vations the separate displacements. If it be assumed that the displacements in 1868 of 
the last four of these points were the same as that observed for Loma Prieta (see table 2), 
then the inferred displacements for each of these points in 1906 is as shown at the end 
of table 1. These inferred displacements for these points are, however, very doubtful a.s 
they depend upon a determination of the displacement of 1868 at a single point, Loma 
Prieta, which is 24 kilometers (15 miles) from Santa Cruz Azimuth Station and more 
than 48 kilometers (30 miles) from each of the othea stations. It should be noted also 
that the displacement of Loma Prieta in 1868, which is certain, is very different from 
that of the other four points. Mount Tamalpais, Farallon Light-house, Chaparral, and 
Ross Mountain, for which the displacements of 1868 have been detennined directly by 
observations. It is a displacement to the southward instead of to the northwestward 
and is much larger than for the other three points. 

The determination of the displacement of Mount Toro as shown in table 1 is some- 
what uncertain. There is still more uncertainty in regard to the apparent displace- 
ment at Santa Cruz Light-house. 

The very small apparent displacement, 0.12 meter (0.4 foot), of the Lick Observatory 
small dome in 1906 is probably due to errors of observation. 

The two points in this group to the eastward of the fault show apparent displacements 
in 1906 in accordance with the laws deduced from other groups : Lick Observatory, far 
from the fault, 36 kilometers (22 miles), having an apparent displacement so small as to 
be uncertain ; and Loma Prieta, within 4.8 kilometers (3.0 miles) of the fault, having an 
apparent displacement of 0.97 meter (3.2 feet) in a southerly direction and within 9° 
of being parallel to the fault which here has an azimuth of about 312° (48° E. of S.). 

Mount Toro is the only station to the westward of the fault in this group for which 
a determination of the displacement of 1906 is not very doubtful. The displacement in 
1906 of 0.95 meter (3.1 feet) at Mount Toro is in a northerly direction with a slight incli- 
nation to the westward in fair agreement with the deduced laws. Mount Toro is beyond 
the end of the portion of the great fault of 1906 which has been traced on the surface. 

The apparent displacement of Santa Cruz Light-house in 1906, of which the de- 
termination is doubtful, is closely parallel to the fault an 1 in a northerly direction, 
corresponding to other points to the westward of the fault. 

The inferred displacements of 1906 for four points shown at the end of table 1 are all 
very doubtful, and little signiffcance should be attached to them or to the fact that they 
are somewhat contradictory to each other and all have a southerly tendency, whereas all 
other points to the westward of the fault of 1906 moved in a northerly direction. As a 
check on this conclusion, it should be noUnl that the inferred displacement for 1906 for 
Santa Cruz Azimuth Station differs by 72° in direction and 1.26 meters (4.1 feet) in 
amount from the observed displacement of 1906 for Santa Cruz Light-house, a point only 
3.9 kilometers (2.4 miles) away. The observed displacement for Santa Cruz Light-house 
is much less uncertain than the inferred displacement for Santa Cruz Azimuth Station 
and hence the contradiction throws additional doubt on the latter and the other three 
points for which the inference is made in like manner. 



132 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


Tho the inferred displacements of these four points for 1906 are all very doubtful, the 
observed combined displacements of 1868 and 1906 for these four points, as shown in tabic 
3, are all certain, being clearly beyond the possible range of errors of observation. So also 
arc the combined displacements of 1868 and 1906 for Loma Prieta and Black Mountain. 
It appears then that the combined effects of the earthquakes of 1868 and 1906 were to 
move the whole region from Black Mountain to Point Pinos to the southeastward by 
from 2.11 to 5.89 meters (6.9 to 19.3 feet). The mean azimuth of these six displacements 
is 321° (39° E. of S.). The most startling evidence of the combined effects of the two 
earthquakes is the increase of 3 meters (10 feet) in the width of Monterey Bay from Santa 
Cruz Azimuth Station to Point Pinos Light-house, both of these points having moved in a 
southerly direction, but the latter much more than the former. The length of the line 
Santa Cruz Azimuth Station to Point Pinos Light-house is only 39.8 kilometers (24.7 
miles). The increase is therefore one part in 13,000. 

Not much significance should be attached to the fact that Point Pinos Latitude Station 
has apparently moved one meter less than Point Pinos Light-house. This one meter is the 
difference of the combined displacements of two earthquakes. It is subject to the errors 
of observation in two determinations of each point by triangulation in somewhat different 
ways. Moreover, the determination of the position of the Latitude Station after the 
earthquake of 1906 was made without a check. It is for this reason that the displacement 
at Point Pinos Light-house is considered to be the more reliable determination of the two. 

DISTRIBUTION OF EARTH MOVEMENT; SUMMARY. 

In reaching the conclusions stated below, the evidence has been studied much more in 
detail than it has been given in the preceding pages. The conclusions are based on both 
the positive and negative evidence. The positive evidence is given by the displacements 
marked “certain” or “reasonably certain” in tables 1, 2, and 3. The negative evidence 
is given by displacements marked “doubtful,” of which Rocky Mound is an example. 
At this point the observed apparent displacement of 1900 was only 0.34 meter (1.1 feet). 
The accuracy of the triangulation is such that it is practically certain that any displace- 
ment of this station as great as one meter would be detected. Hence the evidence given 
by this station is that the displacement, if any, was less than one meter and probably 
was less than 0.3 meter. 

Maps 24 and 25 should be consulted while reading the following conclusions. 

During an earthquake in 1808 or about that time, about 1,000 square miles of the 
earth’s crust, comprized between the four stations Mount Tamalpais,Farallon Light-house, 
Ross Mountain, and Chaparral, were permanently displaced to the northward about 1.6 
meters (5.2 feet), in azimuth 169° (11° W. of N.). The indications are that this whole 
area moved as a block without distortion or rotation ; at least the triangulation furnishes 
no evidence competent to prove cither distortion or rotation of the block (about a vertical 
axis), or to locate accurately any boundary of the block. It is probable that the block 
included Sonoma Mountain. It is reasonably certain that Rocky Mound and the group 
of points near the southern end of San P'rancisco Bay, Red Hill, Pulgas Base stations, and 
Guano Island, were not on this block, tho they were probably displaced somewhat irregu- 
larly during the earthquake of 1868. 

During the earthquake of 1868, or about that time, Loma Prieta was permanently 
displaced about 3.03 meters (9.9 feet), in azimuth 307° (53° E. of S.). This displacement 
is in a direction at an angle of 138° with that of displacements of same date, referred 
to in the preceding paragraph. Loma Prieta moved to the southeastward, whereas Mount 
Diablo, Farallon Light-house, Ross Mountain, and Chaparral moved to the northward. 

It is reasonably certain that Santa Cruz Azimuth Station, Point Pinos Light-house, Point 
Pinos Latitude Station, and Gavilan were similarly displaced. It is probable that the last 
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three stations named were displaced to the southeastward in 18G8, being about 3 meters 
(10 feet) more than Santa Cruz Azimuth Station and Ixima Pricta, and consequently the 
width of Monterey Bay was increased then by about one part in 13,000. 

The combined effects of the earthquakes of 1808 and 1900 have increased the distance 
between Mount Tamalpais and Black Mountain, see map 24 and table 3, by 3 meters (10 
feet). The distance is 79 kilometers (49 miles) and the increase is therefore one part in 
20,000. The Golden Gate lies between these two stations. It is interesting to note 
that the length of part of the Pacific Coast including the Golden Gate has been increased 
just as the distance across Monterey Bay has been increased. 

During the earthquake of April 18, 1900, displaced points on opposite .sides of the great 
fault accompanying the earthquake moved in opposite directions, those to the eastward of 
the fault in a southerly and those to the westward in a northerly direction. Among all the 
points there are but two apparent exceptions to this rule, namely. Rocky Mound and 
Red Hill. For both these stations the apparent exceptional movement is so small as to 
be probably due simply to errors of observation and therefore it is not significant. 

During the earthquake of 1900, the pennanent displacements of all disturbed points 
were approxinmtely parallel to the fault. When the difficulticis encountered in determin- 
ing the direction of these displacements are considered, it is remarkable that the observed 
displacements follow this law so accurately as they do. The nearest fixt points to which 
each displace;*! point is referred are from 30 to 110 kilometers distant (20 to 90 miles). 
The total displacements are from 0.5 to 4.0 meters (2 to 15 feet). Among all the points 
examined, there are but five for which the apparent changes in distance from the fault 
arc not so small as to be probably due to errors of observation. The Farallon Light-house 
apparently moved at an angle of about 27° with the fault and its increase in distance from 
the fault of 0.8 meter is reasonably certain. As Mount Tamalpais, nearly opposite to Fa- 
rallou Light-house acro.ss the fault, moved j)ractically parallel to the fault, there was 
either an opening of the fault beneath the sea in this region or an increase in length of the 
earth’s crust, in a direction at right angles to the fault, of one part in 50,000 (0.8 meter on 
44 kilometers, or 3 feet on 27 miles). Point Reyes Light-house also apparently receded 
from the fault, moving in about the .same direction (within 5°) as the Farallon Light-house, 
but the determination of the displac(;m(;nt of the Point Reyes Light-house is so weak tliat 
this ai)par(!nt disjdacement has little significance. It. is reasonably certain that Bodega 
Head approached the fault from the western side, while Bodega, on the eastern side 
of the fault, about ojjpositc, moved parallel to the fault. The apparent closing up of 
the fault or shortening of the crust at right angle's to the fault is 1.0 meters (5.2 feet) 
between these two j)oint8 only 5.4 kilometers (3.4 miles) apart. This is one part in 3,400. 
It is possible that as much as one-half of this apparent closing up is due to errors of 
ol)servation, but it is reasonably certain that not all of it is due to tliat cau.se. Similarly 
it is reasonably certain that Peaked Hill in the Fort Ross group receded from the fault on 
the east side and Pinnacle Rock apiwoached it on the west side, the apparent amounts 
being 0.4 meter ( 1 .3 feet) and 0.7 meter (2.3 feet) respectively. It is r(;asonably certain 
that San Pedro Rock in the Colma group approached the fault from the west side, the 
apparent amount being 1.1 meters (3.0 feet). 

During the earthquake of 1900, the displacements on each side of the fault were hss 
the greater the distance of the displaced points from the fault. On the eastern side of the 
fault, ten points at an average distance of 1.5 kilometers (0.9 mile) from the fault have an 
average displact'incnt of 1.54 meters (5.1 feet) ; three points at an average distance of 4.2 
kilometers (2.0 miles) have an average displacement of 0.80 meter (2.8 feet), and one 
point. Mount Tamalpais, at 0.4 kilometers (4.0 miles) from the fault, has a displacement 
of 0.58 meter (1.9 f(;et). Those fourteen points are the only ones on the eastern side of the 
fault for which the observed displacements were determined with reasonable certainty. 
For no point to the eastward of the fault at a greater distance than 0.4 kilometers (4.0 
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miles) was any displacement detected with certainty. To the westward, twelve points at 
an average distance of 2.0 kilometers (1.2 mUes) from the fault have an average displace- 
ment of 2.95 meters (9.7 feet). Seven at an average distance of 5.8 kilometers (3.6 miles) 
have an average displacement of 2.38 meters (7.8 feet). The only other point to the 
westward of the fault of which the displacement was determined with certainty was Faral- 
lon Light-house, distant 37 kilometers (23 miles) and displaced 1.78 meters (5.8 feet). 

In receding from the fault, either to the eastward or to the westward, the displacement 
decreases more rapidly near the fault than it does farther from the fault. According to 
the averages given in the preceding paragraph, the decrease in displacement on the 
eastern side near the fault is at the rate of 0.25 meter per kilometer (that is, 0.G8 meter 
on 2.7 kilometers) and farther away the rate is 0.13 meter per kilometer (that is, 0.28 
meter on 2.2 kilometers). Imagine a straight line before the earthquake of April 18, 1906, 
starting at the fault and extending eastward at right angles to it. According to this 
investigation, after the earthquake this line became a curved line concave to the south- 
ward, the point at the fault being displaced southward and distant points on the line re- 
maining fixt. Also according to the above figures, the part of the line which is from 1.5 
to 4.2 kilometers from the fault was deflected from its former direction about 52 seconds 
and that part from 4.2 to 6.4 kilometers from the fault was deflected about 26 seconds, and 
the deflection probably decreased gradually to zero at distant points. To the westward 
of the fault the rate of decrease of displacement, according to the averages in the preceding 
paragraph, near the fault is 0.15 meter per kilometer (that is, 0.57 meter on 3.8 kilometers), 
and farther away only 0.02 meter per kilometer (that is, 0.60 meter on 31 kilometers). 
Accordingly the imaginary straight line at right angles to the fault and extending west- 
ward from it has become concave to the northward, the point at the fault being dis- 
placed to the northward and very distant points remaining fi.\t. The deflection from its 
original direction is al)Out 31 seconds for the part from 2 to 6 kilometers from the fault 
and about 4 seconds on an average for the part from 6 to 37 kilometers from the fault. 

For points on opposite sides of the fault of 1906, and at the same distance from it, 
those on the westward side are displaced on an average twice as much as those on the 
eastern side. This statement applies especially to points within 10 kilometers (6 miles) 
of the fault. For points farther away, the ratio becomes more than two to one. It is 
important to note that this statement applies to displacements, not distortions. The 
distortion, exprest in angular measure, discust in the preceding paragraph, is nearly the 
same on the two sides of the fault, being somewhat less close to the fault on the western 
side than on the easUirn side. 

The amount of relative displacement of the two sides of the fault by sliding along the 
fault, as detected by the triangulation, shows no variations for different parts of the fault 
along its whole length from Point Arena to San Juan, with one exception, which arc suffi- 
ciently large to be clearly not due to errors of observation. This exception is the region 
near Colma where, as already noted, relative displacements seem to be unusually small. 

The permanent displacements and distortions which took place at the time of the 
earthquake of April 18, 1906, may be pictured by imagining a series of perfect squares 
drawn on the surface of the ground Ixifore the earthquake, with their sides parallel 
and perpcncliciilar to the fault. At the time of the earthcpiake every square to the east- 
ward of the fault moved bodily in a southerly direction parallel to the fault, the squares 
more distant from the fault moving less than those near to it. All sides of squares parallel 
to the fault remained straight lines, unchanged in length and direction. For the squares 
to the eastward, the sides perpendicular to the fault became curved lines concave to the 
southward and changed direction as a whole by rotation in a counterclockwise direction, 
the change being 52 seconds or more for squares near the fault, and less for more remote 
squares. The angles of the squares all took new values differing from 90® by quantities 
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ran^g from more than 52 seconds to zero. The squares to the westward of the fault 
were moved bodily in a northerly direction parallel to the fault, their sides parallel to 
the fault remaining straight and unehangeil in length and direction. Their sides perpen- 
dicular to the fault l)ccame curved lines concave to the northward and each changed in 
direction by rotation in a counterclockwise direction, the change being more than 31 
seconds for sipiares near the fault and less for more remote squan^s. The displacement 
of squares near the fault was twice as great for squares on the western side ss for squares 
on the eastern, but the distortion was slightly le.s8 for squares on the western side than 
for those on the eastern side. The appreciable displacemente extended back much farther 
from the fault on the western side than on the eastern side. 

It is not probable that the actual displacements atnd distortions were perfectly regular 
as indicated in the word picture of the preceding paragraph, but the apparent departures 
from this perfectly regular ideal, of the displacements and distortions detected by the 
triangulation arc nearly all so small as to be possibly due to errors of ol)scrvation. Atten- 
tion has been called to the few exceptions, of which one can be certain, which have been 
detected. The earth-movements of April 18, 1906, were remarkable for their regularity of 
distribution. 

The triangulation of 1906-1907 has extended eastward clearly beyond the region of 
appreciable permanent displacements by the earthquake of 1906. The disturbed region 
evidently extended to the westward out under the Pacific beyond the possible reach of 
the triangulation. To the northward of Point Arena there is little probability of much 
success if an attempt wore made to determine additional displacements by triangulation, 
for the known fault of 1906 touches the coast for but a short distance anywhere north of 
Point Arena, and triangulation to the northward of Point Arena before the earthquake 
consisted simply of a narrow and weak licit of* tertiary triangulation. It had been 
inteniled to extend the triangulation of 1906-1907 far enough to the southward to 
reach outside of the disturbed region. It was supposed until after the observing party 
left the southern end of the triangulation tliat this had been accomplished, but when 
the additional evidence given by the office computations liccame available, it was evident 
that the most southern points determined are still within the disturbed region. The 
fact that the visible evidence of the fault of 1906 does not extend farther southward 
than San Juan indicates that there are probably few points to the southward of Mount 
Toro and Point Pinos for which the displacements were large enough to be detected by 
triangulation. 


DISCUSSION OK ASSUMPTIONS. 

Ctirtain things have apparently been as.suined in this invc.stigation ; for example, that 
appreciable pennanent displacements occurred during the earthquake of 18(i8 as well as 
(luring the earthquake of KKIO; that the permanent displacements in 1906 occurred 
suddenly, and that the stations Mocho and Mount Diablo remained unmoved in both 
earthquakes. 

These are call(«l apparent assumptions liecausc in a real sense they are not assumptions 
but are instead facts detected gradually in studying for fifteen months upon a steadily 
increasing mass of evidence. However, treating them as assumptions, their validity has 
been reexamined in the light of all the evidence, and to make this report complete, it is 
now necessary to state why they arc believed to be true. 

It has been tacitly assumed that the jicrmanent displacements of 1906, detected by the 
triangulation, took place suddenly. It is certain from evidence entirely distinct from the 
triangulation that on April 18, 1906, relative di8})laeements by sliding along the great 
fault of that date took place suddenly, that is. within an interv'al of a few seconds, without 
much crushing or separation of the sid(!s of the fault, and that the.se relative dlsplaeeraents 
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amoiHited from 2 to 6 meters (7 to 20 feet). These relative displacements were evident 
at every road^ fence, or line of trees crossing the fault, but such evidenee does not enable 
one to ascertain how far back from the fault in each direction the displacement extended. 
The repetition of the triangulation after the earthquake showed that many pdnts at 
various distances from the fault had all been displac^ parallel to the fault, that the dis- 
tribution the displacements is regular, and that for points nearest the fault, the relative 
displacements corresponded in amoimt to those ol>scrved at roads, fences, tree lines, etc., 
at the fault and which were known to have taken place suddenly. Hence it is certain 
that the widely distributed displacements shown by the triangulation are a part of the 
same phenomenon and took place at the same time as the displacements at the fault, 
that is, suddenly on April 18, 1906. 

For the displacements credited to the year 1868 in this report, the case is different. It 
had been known from previous examination of the evidence given by triangulation that 
Mount Tamalpais had moved between 1859 and 1876. In the course of the detailed 
studies of the triangulation in connection with the present investigation, it was found that 
other triangulation stations hod moved at or alwut 1868. It was-discovered that wherever 
triangulation in this part of California before 1868 had been connected with triangulation 
done after 1868, it was necessary, in order to obtain consistent results, to apply abnor- 
mally large corrections to the observed angles. By trial it was found that wh(!rever the 
observations of angles were separated into two groups and separate computations made 
connecting identical points marked upon the ground, one group comprizing observations 
before 1868 and the other observations after that year, that the corrections necessary to 
obtain consistent results from each set of angles were much smaller than before, and 
about the normal size to be expected from the instruments and methods of observation 
used. The evidence proves that pemianent displacements took place at or about 18()8 
of a magnitude which the triangulation could detect with certainty. 'Fhe particular year 
in which the displacements took place is not fixt, however, by the triangulation, but 
simply the fact that they occurred within the interval of several years which elapsed in 
each part of the triangulation between the last observation before 1868 and the first ob- 
servation after that year. For this reason considerable care has been taken in stating 
the dates of the triangulation for each locality. In 1906, it was known that sudden per- 
manent displacements took place on a certain day, hour, and minute along a great fault- 
line and these displacements were similar to those detected later by triangulation. So 
far as the writers know, no evidence has been found that such large sudden relative dis- 
placements took place in 1868 or about that year, but it is known that a very severe earth- 
quake in this region occurred in 1868. Hence the observed displacements, referred in this 
report to 1868 for the sake of brevity, may have occurred in some other year near 1868 
and may have occurred by a gradually creeping motion extending over several years. 

No other abnormal discrepancies in the triangulation within this region are known to 
exist. If there are such discrepancies, produced by displacements of the triangulation 
stations by earthquakes, th(;y are so small as to be effectually masked by the unavoidable 
errors of observatiwi. In other words, any other permanent horizontal displacements by 
earthquakes within this region between 1850 and 1907 must have been much smaller 
than the displacements of 1906 and 1868. 

It has been assumed that there was no permanent displacement of stations Mocho and 
Mount Diablo during the earthquake of 1906. What is the evidence that this assumption 
is true ? 

The true direction or azimuth from Mocho to Mount Diablo was determined by observa- 
tions upon the stars in 1887 and found to bo 144® 57' 35.71* In 1907 it was redetermined 
by observations upon the stars and found to be 144® 57* 35.66* differing by only Q.OST 
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from its former value. The maximum possible difference between the two determinations 
of azimuth which could occur simply as errors of observation is about 1'.* Hence these 
observations show positively that the true direction from Mocho to Mount Diablo had not 
changed between these dates by as much as 1 * and probably had not changed by as much 
as 0.3^ 

The true direction or azimuth of the line Mount Tamalpais to Mount Diablo was 
determined by observations upon the stars in 1882 and again in the same manner in 
1907. In 1882 it was found to be 274* 15' 15.04" and in 1907, 274* 15' 14.49", 0.55" 
less than before. The azimuth of the line Mount Tamalpais to Mount Diablo was com- 
puted separately from the triangulation between 1868 and 1906, and from the triangu- 
lation after the earthquake of 1906 and the two values found to be 274* 15' 19.46" and 
274* 15' 17.89" respectively, the second being 1.57" less than the first. This apparent 
decrease of azimuth as determined by the triangulation agrees within 1.02" with the 
decrease of 0.55" determined independently by astronomic observations.* This agree- 
ment is within the range of possible errors of observation. In the two computations of 
the triangulation, the line Mocho-Mount Diablo was assumed to have the same azimuth 
before and after April 18, 1906; hence the close agreement noted indicates that the 
azimuth Mocho-Mount Diablo remained unchanged. 

In the investigation which has been made, it was found that the absolute displacement 
decreased with increased distance from the fault and that no displacement sufficiently large 
to be detected with certainty was found farther to the eastward of the fault than Mount 
Tamalf)ais, 6.4 kilometers (4.0 miles) from it. Mocho and Mount Diablo are 53 kilometers 
(33 miles) from the fault ; hence it seems certain that the displacements, if any, at Mocho 
and Mount Diablo must have Iwen extremely small. It may be objected that this is reason- 
ing in a circle, inasmuch as the computed displacements depend upon the assumption 
that Mocho and Mount Diablo stood still. Cleared of this objection, the argument reduces 
to the following. The triangulation shows no relative displacements in 1906, large enough 
to be determined with certainty, of Mocho, Mount Diablo, Rocky Mound, Red Hill, and Lick 
Olwervatory, a group of points far to the eastward of the faiilt, whereas many points 
nearer to the fault showed large relative displacements as referred to each other, with a 
marked tendency to be greater the nearer to the fault are the groups of points compared. 
Hence the reasoning is valid that Mocho and Mount Diablo remained unmoved, these being 
two points in a group showing no displacements relative to each other, the whole group 
being far from the fault and these two particular stations being the two points most distant 
from the fault. 

If eith(5r Mocho or Mount Diablo had moved in April, 1906, in such a direction as to 
decrease (or increase) the azimuth of the line joining them, the effect of the erroneous 
assumption, used in the computation of the triangulation done after the earthquake 
that the azimuth had remained unchanged, would have been to produce a set of computed 
apparent displacements which would be represented by red arrows on map 24, all indi- 
cating a rotation in a clockwise (or counterclockwise) direction around Mount Diablo, 
the lengths of the arrows being proportional to their distances from Mocho and Mount 
Diablo. The fact that the computed apparent displacements of 1906, as shown by the red 
arrows on maps 24 and 25, do not show any such systematic relation to each other, indi- 
cates that the line Mocho-Mount Diablo remained unchanged in azimuth on April 18, 1906. 

' The probable error of obKcrvcd azimuth in 1887 was d: 0.21" and in 1907 d: 0.20". The expression 
" probable error " is here used in the technical sense in which it is used in connection with the least square 
method of computation. 

* The discrepancy of about 4" on each date between the azimuth determined by astronomic observa- 
tions and the azimuth determined by triangulation is what is known as "station error" in azimuth and is 
due to the deflection of the vertical at the observation station. It does not enter into the present dis- 
cussion, which is based on differences of azimuths of the same kind, either astronomic or geodetic, on 
different dates at the same station. 
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Similarly, if either Mocho or Mount Diablo had moved on April 18, 1906, in such a 
direction as to increase (or decrease) the distance between them, the effect upon the com- 
putations of apparent displacements would have been to produce a set of red arrows on 
maps 24 and 25, all pointing toward (or from) Mocho and Mount Diablo, the lengths of 
the arrows being proportional to their distances from Mocho and Mount Diablo. No 
such systematic relation appears among the arrows. 

Another item of evidenee is still available which indicates that the absolute displace- 
ment of points far to the ea.stward of the fault was zero on April 18, 1906. From 1899 
to date a series of observations of latitude by observations upon the stars has been in 
progress continuously for the International Geodetic Association at Ukiah, California. 
The purpose of these observations is to detect variations in latitude due to any cause. 
The observations are of an extremely high grade of accuracy and they are made on every 
clear night. Dr. S. D. Townley, in charge of these observations, made a special study of 
the 233 observations made dining the interval April 4-May 4 inclusive, 1906, to deter- 
mine whether any sudden change of latitude took place on April 18.’ He found no such 
change. The observations are competent to determine with reasonable certainty any 
change as great as 0.03", corresponding to 1 meter (3 feet). It is therefore reasonably 
certain that the southward component of the motion, if any, of the pier on which Dr. 
Townley’s latitude instrument was mounted at Ukiah, was less than one mcttitr on April 18, 
1906. Ukiah is about 42 kilometers (26 miles) from the fault and to the eastward of it. 
Mocho and Mount Diablo are much farther from the fault (53 kilometers). It is important 
to note that latitude observations determined the absolute displacement rather than the 
relative displacement and that they are independent of observations at any other station. 

For the reasons set forth above, it is believed to be certain that the permanent dis- 
placement, if any, of either Mocho or Mount Diablo on April 18, 1906, must have been 
extremely small. 

During verbal discussions of the earthquake of April 18, 1906, it has been suggested 
more than once that one of its possible effects may have been to change the position of the 
earth with relation to its axis of rotation and so produce a change of latitudes. If an 
appreciable effect of this kind were possible, the validity of the above reasoning in regard 
to the latitude observations at Ukiah would be questionable. Accordingly, a computa- 
tion of this possible effect has been made.’ It was found that if it be assumed that the 
mass displaced in a northerly direction to the westward of the fault comprized 40,000 
square kilometers (15,600 square miles) of the earth’s crast, having a mean latitude of 38° 
and thickness or depth of 110 kilometers (68 miles), that this material had an average 
density of 4.0 and that the northerly component of the displacement was 3 meters (10 
feet), the position of the pole of maximum moment of inertia would lie displaced by 
0.0007", corresponding to 0.002 meter (0.006 foot). This is a limiting value certainly 
much larger than the actual value, for all assumptions entering the computation as to 
the area, depth, density, amount of displacement, and mean latitude have l>cen maile 
such as to make the computed value certainly too great. Moreover, the similar dis- 
placements of contrary direction to the eastward of the fault would partially cancel those 
on the westward side which have been considered. When the pole of maximum moment 
of inertia is displaced, the pole of rotation is not immediately changed with reference to 
the earth. The pole of rotation tends always to seek the pole of maximum moment of 
inertia and travels around it in an irregular path. It is the instantaneous position of the 
pole of rotation with reference to the earth which fixes the latitude at any instant. Hence 

* This investigation is published in the Publications of the Astronomic Society of the Pacific, Vol. 
XVIII, No. 109, Aug. 10, 1906, under the title The Latitude of the Ukiah Observatory before and after 
April 18, 1906. 

’ The formula and method of computation is shown in Trait6 de M^canique Celeste, par F. Tisserand, 
Paris, 1891, Gauthier- Villars, Tome 11, pp. 485-487. 
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even this extremely small displacement of the pole of maximum moment of inertia 
computed above, 0.002 meter, docs not immediately affect the latitude of points in Cali- 
fornia, but only tends to change them by that average amount in the course of a year or 
more. The effect of the earthquake on the latitudes of points outside the repon of actual 
displacement of the surface is therefore entirely negligible. The earthquake changed the 
latitude of marked points on the earth’s surface within the disturbed region by the amount 
of the northward or southward components of the displacement of the points. 

Similarly, the possible effect of the displacements on the deflections of the vertical, that 
is, upon the direction of gravity at any point, is too small to be considered. 

The displacements near Point Arena were computed upon the assumption that the 
triangulation stations Fisher and Cold Spring remained unmoved during the earthquake 
of 1906. Is this assumption true? The station farthest to the eastward from the 
fault at which a displacement in 1906 has been detected with certainty is Mount Tamal- 
pais, distant 6.4 kilomesters and displaced 0.53 meter. Also the rate of decrease of dis- 
placements at this distance has Ixien found to be 0.13 meter per kilometer of increase of 
distance from the fault. At this rate, the displacicment would Iwcomc zero at about 11 
kilometers from the fault. Fisher is 11.2 and Cold Spring 13.5 kilometers from the 
fault ; hence it is reasonably certain that if the displacement was not zero, at these two 
stations, it was so nearly zero that it could not have been detected with certainty. 

A high degree of accuracy has Ixien claimed for the triangulation. There is abundant 
evi(l(;ncc available from which to determine the actual accuracy, as has been indicated in 
an earlier part of this report. A large amount of time has b(‘en spent in studying this 
evidence in order to insure that the estimates of the accuracy of the determination of the 
various apparent displacements might be reliable. The methods necessarily followed 
in estimating the accuracy arc too technical and too complicated to be included in this 
niport. Two illustrations of the degree of accuracy attained in the observations may 
prove interesting, however. 

The position of the Lick Observatory small dome was determined after the earthquake 
of 1906 by intersections upon it from four .stations, Loma Prieta, Sierra Morena, Red Hill, 
and Moclio. There were discrepancies among these observations which were adjusted 
by the method of least square.s and a resulting most probable position adopted and used 
in computing the apparent displacement given in table 1. The mean observation from 
Ijoma Prieta hit 0.38 meter (1.2 feet) to the left of the position adopted for the dome. 
The mean observation from Sierra Morena hit 0.22 meter (0.7 foot) to the right, that 
from Red Hill 0.01 meder (0.03 foot) to the left, and that from Mocho 0.11 meter (0.4 
foot) to the left of the adopted position. The words “right” and “left” refer in each 
case to the Lick Observatory dome as s(‘en from the station named. The distance of the 
four observation points from the Lick Olwervatory were, Loma Prieta 31 kilometers (19 
miles). Sierra Morena 59 kilometers (37 miles). Red Hill 46 kilometers (29 miles), and 
Mocho 17 kilometers (11 miles). 

Similarly the determination of the position of the Lick Observatory before the earth- 
quake depended upon observations taken from seven stations, Santa Ana, Mount Toro, 
Loma Prieta, Sierra Morena, Mount Tamalpai.s, Mount Diablo, and Mocho. The line 
from Mount Tamalpais, 106 kilometers (66 miles) long, mist the adopted position by 0.36 
meter (1.2 feet). The other six all came nearer tlian this to the adopted position. 

The Farallon Light-house was determined between 1868 and 1906 by intersections 
upon it from three stations. Mount Helena, Mount Tamalpais, and Sierra Morena. The 
mean observation from Mount Helena, distant 112 kilometers (70 miles), mist the adopted 
position by 0.30 meter (1.0 foot) and the other two lines came closer. In 1906-1907 the 
Farallon Light-house was determined by intersections upon it from the six stations Ross 
Mountain, Tomales Bay, Point Reyes Hill, Sonoma, Mount Tamalpais, and Sierra Mo- 
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rena. The line from Sonoma, 79 kilometers (49 miles) long, mist the adopted position 
by 0.10 meter (0.3 foot) and all the others came closer. 

One other assumption remains to be examined. The displacements of 1868 were com- 
puted on the assumption that the line Mount Tamalpais to Mount Diablo had a certain 
length and azimuth before 1868 and a certain different length and azimuth after 1868; 
Mount Tamalpais being supposed to be in a new position, but Mount Diablo unmoved. 
The two positions for Mount Tamalpais were derived from certain computations based 
in turn on assumptions that certain other stations remained unmoved in 1868, or prac- 
tically so. 

The azimuth of the line Mount Tamalpais to Mount Diablo was determined by observa- 
tions upon stars in 1859, and again in 1882 ; the later observations made the azimuth 7.84'' 
greater than earlier observations. The two adopted azimuths from the computations of 
triangulation referred to above also differ by 5.38', the later adopted value being the 
greater. 

The fact that the two independent determinations of change of azimuth, one astro- 
nomical and one geodetic, agree within 2.46' is a strong proof that the adopted geodetic 
azimuths are correct, 2.46' being within the possible range of the various observations. 

Following the same reasoning as for Mocho and Mount Diablo, the computed displace- 
ments of 1868, as shown by red arrows on maps 24 and 25, indicate that the two azimuths 
and two lengths used for the line Mount Tamalpais to Mount Diablo, before and after 
1868, must be very close to the truth. 

CHANGES IN ELEVATION. 

The preceding portions of this Report have dealt with permanent horizontal displace- 
ments caused by the earthquake of 1906. It is important to know whether permanent 
displacements in the vertical sense also occurred. Upon this point the observations of 
the Coast and Geodetic Survey furnish evidence for a small area, involving parts of 
San Francisco, both udes of the Golden Gate, and Sausalito, 1.25 miles north of the 
Golden Gate. 

At the time of the earthquake an automatic tide-gage was in operation at the Presidio 
Wharf, in San Francisco, on the southern side and about 1.25 miles to the east of the 
narrowest part of the channel thru the Golden Gate. The gage had been in operation at 
that point continuously since July 17, 1897, and is still in operation. 

The record made by this gage on April 18, 1906, showed an oscillation, with a range of 
about six inches, in the water surface evidently produced by the earthquake, but it showed 
no evidence of a change in the relation of the gage zero to mean sea-level. In other words, 
the record for that day docs not indicate that the tide-staff had been changed in elevation 
by the earthquake. 

To detect any possible small change in elevation it is, of course, necessary to examine 
much more record than that for a single day. The examination has now been extended 
by computation to include a whole year of observations since the earthquake for com- 
parison with nine years of observations before it. 

The following table shows the reading of mean sea-level on the fixt tide-staff for each of 
ten years, as determined by taking the mean of the hourly ordinates of the tidal curve. 
The annual means are taken rather than means for any other period in order to eliminate 
annual inequalities, presumably due to meteorological causes, which affect the means 
for separate months. May 1 is taken as the beginning of the complete year available 
after the earthquake. Since it is not convenient, in the computation, to separate any 
month’s observation into two parts, the year is commenced on May 1, rather than on 
April 18, the date of the earthquake. The first year, 1897-1898, is incomplete because 
the observations were not commenced until July 17, 1897. 
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Tabu 4. — Readings of Mean Sea-level on the Fixt Tide-staff. 


Period 

Reading or 
Mean Sea- 
Level ON 
TlDR>STAFr 

Meakr 


Feet 



July 17, 1897 to Apr. 30, 1898 

8.339 


8.318 

May 1, 1898 to Apr. 30, 1899 

8.298 



May 1, 1899 to Apr. 30, 1900 

8.528 



May 1, 1900 to Apr. 30. 1901 

8.650 



May 1, 1901 to Apr .30, 1902 

8.430 


8.520 

May 1, 1902 to Apr. 30, 1903 

8.684 



May 1, 1903 to Apr. 30, 1904 

8.509 



May 1, 1904 to Apr. 30, 1905 

8.667 



May 1, 1906 to Apr. 30, 1906 

8.659 


8.652 

May 1, 1006 to Apr. 30, 1907 

8.631 




The ten annual means show an unmistakable tendency to fall into three groups, as 
indicated by the means shown in the last column of the table. Within each group there 
is no apparent tendency to increase or decrease. Between the first and second groups the 
reading of mean sea-level increased 0.202 foot and between the second and third groups, 
it again increased 0.132 foot. Such an increase corresponds to a subsidence of the zero 
of the tide-staff with reference to mean sea-level. An examination of the monthly means 
indicates that probably the subsidence occurred suddenly in each case, the movements 
taking place a^ut June, 1899, and April, 1904. The record must not be considered as 
proving positively that these two subsidences took place. The changes are not clearly 
beyond the range of possible error in the determination of mean sea-level on account of 
irregular changes in the water surface due to causes not clearly understood, tho they are 
beyond the possible range of instrumental errors. 

The annusil mean for the one year after the earthquake, 190fi-1907, agrees with the 
two preceding annual means within less than 0.04 foot. In no other case in the table do 
three successive annual means agree so closely with each other as these three. Appar- 
ently, therefore, no change in the elevation of the zero of the tide-staff occurred at the 
time of the earthquake. 

As further evidence that no appreciable change in the elevation of the tide-staff took 
place on April 18, 1906, the following table is submitted. Corresponding months of two 
years, one before and one after the earthquake, are compared to avoid the effects of annual 
inequalities. The comparison indicates that no change took place in April, 1906. 


Table 5. — Monthly Mean Readings of Mean Searlevel on Tide-staff. 



1906-1906 

1906-1907 

DirrERENCB 


Feet 

Feet 


May 

8.607 

8.462 

+ .045 

June 

8.416 

8.506 

- .090 

July 

8.668 

8.688 

- .020 

August 

8.676 

8.797 

- .121 

September 

8.648 

8.632 

+ .016 

October 

8.690 

8.442 

•f .248 

November 

8.751 

8.295 

+ .456 

December 

8.479 

8.625 

- .146 

January 

8.701 

8.784 

- .083 

February 

8.877 

8.725 

+ .152 

March 

8.934 

8.944 

- .010 

April 

8.558 

8.669 

- .Ill 



Mean = 

+ .028 
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The zero of the tide-staff was connected by leveling with the group of bench-marks 
near the gage at various times during the interval 1898-1907, including a determination 
after the earthquake. The leveling showed no appreciable change in the relation in ele- 
vation of the bench-marks and the tide-staff. Hence, the preceding statements in regard 
to a possible subsidence of the tide-staff on two occasions and in regard to its constancy of 
elevation on April 18, 1906, also apply to this group of bench-marks. 

Before the earthquake the Coast and Geodetic Survey had done leveling which con- 
nected the gage at the Presidio Wharf with various bench-marks in San Francisco from 
Fort Point to the Union Iron Works, and with bench-marks at Sausalito. This leveling 
was not of the grade of accuracy known as precise leveling nor was it done continuously. 
There arc also available for use in the present investigation certain relative elevations of 
bench-marks before the earthquake furnished to the Coast and Geodetic Survey by the 
city engineer of San Francisco. These include a bench-mark near the gage at the Presidio 
Wharf. 

After the earthquake Mr. B. A. Baird, Assistant, Coast and Geodetic Survey, ran a line 
of precise levels from the Presidio gage to Fort Point and Sausalito, and to the eastward 
thru San Francisco, to the Union Iron Works, connecting with various old bench-marks. 

There were 26 bench-marks connected by the leveling before the earthquake which 
were recovered with certainty by Mr. Baird and the elevations redetermined by him. 
The following table shows the elevatioius of these bench-marks before and after the earth- 
quake and their apparent changes in elevations. All of the elevations in the table are 
referred to the same datum, which is the reading 8.514 feet (2..5951 metesrs) on the fixt 
tide-staff at the Presidio Wharf, that being approximately mean sea-level. All the 
elevations are computed on the supposition that the zero of the tide-staff at the Presidio 
Wharf remained unchanged at the time of the earthquake. 

The table shows no appreciable change of elevation of the bench-marks at the Presidio 
Wharf. The maximum apparent change in elevation is 7.0 mm. (0.3 inch), a quantity 
within the possible range of error of the leveling. Mr. G. K. Gilbert, Geologist of the U. S. 
Geological Survey, at the close of an examination made soon after the. earthquake and 
before the leveling had been done, exprest the opinion that if this group of bench-mark.s 
had not changed their relative elevations, they probably had not changed in relation to the 
tide-staff. It is probable, therefore, that these two bench-marks and the tide-staff main- 
tained their absolute elevations unchangetd. 

At Fort Point, the three bench-marks near the shore show an apparent rise of 74 mm. 
(2.9 inches) on an average, and bench-mark 9, high up on Fort Point, shows a slightly 
smaller apparent rise, 59 millimeters (2.3 inches). All thc.se are on ground supposed to 
be stable. The rise indicated by the city leveling, in the last column, is considerably 
smaller. 

The two bench-marks at Sausalito show an apparent rise of 37 millimeters (1.5 inches). 
It is not certain that this represents a real change in elevation as referred to the zero of 
the Presidio tide-staff. The errors of the old and new leveling, including the crossing of 
the Golden Gate (about 1.25 miles) in each case, may account for the apparent change. 
In the leveling before the earthquake the elevation was transferred from Presidio to 
Sausalito by water-levels and also by wye leveling with a difference of 13 millimeters 
(0.5 inch). In the precise leveling after the earthcpiake, the two independent crossings of 
the Golden Gate, each depending on many hours of observation, differed by 30 milli- 
meters (1.2 inches). 

The three bench-marks at and near Fort Point showed small apparent changes in 
elevation. 

From an examination made soon after the earthquake Mr. G. K. Gilbert, Geologist, 
exprest the opinion that the bench-marks at Lafayette Park were probably more stable 
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Table 6. — Elevations of bench-marks before and after the earthquake. 





After 

<]LKVATIONa 

Before Earthquake 

New-Oli> 


Locality 

Charactbr or Bench- 
Mark 

B. M. 

Earthquake 
Coast and 
Geodetic 
Survey 
190&-1007 

Coast and 
Geodetic 
Survey 
1877-1906 

City I.ievel® 
1901-1906 

and 

Geodetic 

Survey) 

New-Old 

(City) 




Meier » 

Meier § 

Meters 

Mm. 

Mm. 

Presidio Wharf 

Zero of tide>gage 

11 

-2.5951 

- ^.5951 


0.0 



ilingc^ socket of door 

12 

3.8932 

3.9002 

3.90U2 

- 7.0 

- 7.0 


of orick warehouse. 








Copper bolt in granite 

15 

2.7426 

2.7371 


+ 5.5 



post. 







Fort Point 

Copper bolt in natural 

4 

6.7585 

6.6797 


+ 78.8 



rock. 








Copper bolt in granite 

5 

14.7958 

14.7237 


+ 72.1 



post. 








Copper bolt in granite 

6 

3.9275 

3.8554 

3.8895 

+ 72.1 

+ 38.0 


sea-wall. 








Brass plate on con- 

9 

60.7745 

60.7151 

60.7232 

-h 59.4 

+ 51.3 


Crete emplacement. 







Sausalito 

CoppcT bolt in rock . . . 

2 

1.3909 

1.3564 


+ 34.5 



(Iranite post 

3 

11.6073 

11.5672 


+ 40.1 


Van Ness and Lom- 

Star on iron plate in 

27B 

29.4047 


29.3967 


o 

QG 

+ 

bard Aves. 

street. 







Fort Mason 

Granite* post 

28 

32.5727 

32.5606 

32.5493 

+ 12.1 

+ 23.4 

Fort Mason 

Granite jiost 

29 

31.0876 

31.0854 

31.0649 

+ 2.2 

+ 22.7 

I^afayettc Park 

Granite post 

24A 

101.7846 


101.7412 


+ 43.4 


Pendulum pier 

25 

113.9662 

114.0414 


- 75.2 



Transit pi(‘r 

27 

115.3477 

115.4222 


- 74.5 


Union Iron Works 

Brass spike in brick 

50 

3.7860 

3.8384 


- 52.4 



bldg. 








W'indow shutter sock(»t 

47 

4.4482 

4.4004 

4.4299 

+ 47.8 

+ 18.3 


Bolt in wall of bldg 

48 

6.2121 

6.1695 


+ 42.6 


19th and Bryant Sts. . . 

Copper bolt in brick 

58 

13.6176 

13.5889 

13.5883 

+ 28.7 

+ 29.3 


bldg. 





i 


Magdalen Asylum, Po- 

Copper bolt in brick 

61 

23.3281 

23.3063 

23.2977 

+ 21.8 

4 30.4 

trero Ave. 

bldg. 







Appraisers’ Bldg 

Iron Hod i 

40B 

3.3068 


3.3241 


- 17.3 

PotnTo Ave. and Divi- 

Fire hydrant 

441 

5.9000 


5.9695 


-69.5 

sion St. 








1 7th and Carolina Sts. 

Nail in doorstep 

City 

6.0238 


5.9978 


+ 26.0 

Mariposa St. betwc'on 

Bolt in concrete on 

S. P. 

10.4666 


10.4110 


+ 55.6 

Penn, and Iowa Sts. 

bridge over S. P. 








tracks. 







Cal. and Montgomery 

Water table of Parrott 

41 

5.1488 

5.0173 


+ 131.5 


Sts. 

Bldg. 







East and Mission Sts. 

Iron pillar of brick 

43 

2.4828 

2.8523 


1 

00 



bldg. 







Folsom between Main 

Granite post sc^t in 

44 

5.4835 

5.5516 


- 68.1 


and Beale Sts. 

brick wall. 
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than any of (he others examined by him. The table indicates that the two of these bench 
marks, formerly determined by the Coast and Geodetic Survey leveling, subsided 75 
millimeters (3.0 inches) and that the one, determined by the city leveling, rose 43 milli- 
meters (1.7 inches). There is no apparent reason for the contradiction among the three 
bench-marks of this group. 

For the three bench-marks at the Union Iron Works, the table shows a contradiction, 
two of them having, apparently, increased in elevation and one having decreased. The 
greatest change is, however, only 52 mm. (2.0 inches). The Union Iron Works is said to 
be partly on filled ground. 

The two bench-marks near the Magdalen Asylum apparently increased in elevation 
as shown by both the Coast and Geodetic Survey and city leveling. 

Of these bench-marks, the thirteen in the five groups at Fort Point, Sausalito, Fort 
Mason, Union Iron Works, and Magdalen Asylum, showed an average apparent rise at 
the time of the earthquake of 35 millimeters (1.4 inches) as determined by the Coast 
and Geodetic Survey leveling. As the leveling simply gives relative elevations the 
question arises. Does this quantity represent an average rise of the thirteen bench- 
marks or does it represent a settlement of the zero of the tide-gage and the adjacent 
bench-marks at the Presidio Wharf? The tidal observations are not competent to 
determine this question with certainty. The general experience with determinations 
of mean sea-level, from long series of tidal observations, warrants the statement that 
the error in determination from a single year is as apt to be greater as less than 0.75 inch 
(19 millimeters) and that it may sometimes be as great as 2.5 inches (64 millimeters). 
It is possible, therefore, that the two bench-marks at the Presidio Wharf and the zero 
of the tide-gage have settled 35 millimeters or that it is, in part, a subsidence at the 
Presidio and in part a rise at the other places. 

The elevations of the group of four bench-marks in the table commencing with 40B at 
the Appraisers’ Building, were determined before the earthquake by the city engineer, 
but not by Coast and Geodetic Survey leveling. These four, in various parts of the city, 
show no apparent change in elevation greater than 69 millimeters (2.7 inches). Two of 
them apparently rose and two subsided. 

The apparent changes in elevation of the three bench-marks in the table, commencing 
with 41 at California and Montgomery Streets, are not supposed to have much significance 
in connection with the question of whether a general change of elevation took place. 
These three bench-marks were each subject to local disturbances during the earthquake 
or were near or on filled ground. 

In ten cases the old leveling determined elevations of hydrants and the new leveling 
determined elevations on hydrants in the same locations but known, from the descrip- 
tions, to be different from the old hydrants. Similarly, in seven other cases, the old 
leveling established the elevations of points on curbstones, steps, or doors, and in each of 
these cases in the new leveling it was found to be impossible to recover the old point 
accurately. In all of these 17 cases there is, therefore, only an approximate connection 
between the old and the new leveling. The evidence from these bench-marks has all 
been examined carefully and does not lead to any different conclusion from that which 
may be drawn from the table above. 

The general conclusion from both the leveling and the tidal observations is that, within 
the region examined, there occurred no general change of elevation of sufficient magni- 
tude to be detected with certainty. 

It is an opportune time, at present, on account of local changes in elevation at various 
bench-marks, to adopt the best possible determination of mean sea-level which is avail- 
able up to date and to refer all new elevations determined since the earthquake to that 
datum. Accordingly, the reading 8.652 feet (2.7371 meters) on the tide-staff at the Fre- 
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sidio, given in column 5 on page 143 which is the mean for the three complete 
years, May 1, 1904, to April 30, 1907, is adopted as being mean sca-level. The values 
given in column 4 of the table on page 143 are referred to the reading 8.514 feet (2.5951 
meters) as mean sea-level. Hence, a correction of —0.138 foot (—0.0420 meter) 
should be applied to these values to obtain the elevations now adopted as best. 

It is uncertain, as already indicated in this report, whether this correction of — 0.0420 
meter is due to improvement in the determination of the relation of mean sea-level to 
the tide-staff or to a subsidence of the tide-staff and adjacent bench-marks in 1904 or 
earlier, or to both. 
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NOTE OK THE COMPARISON OF THE FAULTS IN THE THREE EARTHQUAKES OF 
MINO-OWARI, FORMOSA, AND CALIFORNIA, 

By F. Omobi. 

The three great earthquakes of Mino-Owari (Central Japan) on October 28, 1891, 
of Kagi (Formosa) on March 17, 1906, and of California on April 18, 1906, were each 
accompanied by the formation of remarkable geological faults, whose total lengths were 
about 100, 50, and 430 kilometers respectively. The dislocation in the California 
earthquake was formed partly along, and partly off, the coast of California, belonging to 
the category of longitudinal faults. 

The dislocation in the Mino-Owari and Kagi earthquakes were, on the other hand, 
formed nearly at right angles to the course of the Main Island (Nippon) and the axis of 
Formosa Island respectively, both belonging to the category of transverse faults. 


s/w r^AA/c/sco 

£AftTHQUAt<C 



Fig. 43 a. — Full line is fault (ascertained). Shaded part is depressed region. Dotted line is probable 
continuation of fault. Lightly shaded part represents probable depression. Arrow indicates the 
direction of maximum (vibratory) motion. 

Notwithstanding the.so differences, there are certain similarities among the three cases. 
Thus, in each of the three earthquakes, the direction of motion at different places in the 
immediate neighborhood of the fault was not perpendicular, but more nearly parallel, 
to the strik(! of the latter. This seems to indicate that the formation of the faults was 
mainly due, in each case, not to such actions as a simple falling down or sudden creation 
of a cavity underground, but to the existence of shearing stresses in the })lanc of frac- 
ture possibly of two opposing forces acting either from the center toward both ends of 
the fault-line, or toward the center from both ends. 

The accompanying figure is a diagrammatic illustration of the three faults, the line ab 
indicating, in each case, a straight line (say, road) which suffered a shearing movement in 
such a way that the part b on the depressed side was displaced to the new position b', 
and generally transformed into a curve. 
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From the figure it will be seen that there existed in each fault what may be called the 
central point, where the disturbance of the ground is greatest and about which the shear 
and depression along the line of dislocation is more or leas s}unmctrical. In the case 
of the Mino-Owari earthquake the central point was in the vicinity of the village of 
Midori in the N6o-Valley, where a very remarkable depression of the ground took 
place. The corresponding point on the Formosa fault was between the villages of 
Bisho and Kaigenkd. In the California earthquake the northern half of the fault was 
in pai’t under the ocean, but the central point was probably in the vicinity of the 
Tomales Bay, the greatest amount of disturbance having occurred there. 

The greatest vertical dislocation of 18 feet occurred iit the Mino-Owari earthciuake, 
while the greatest horizontal shear occurred in the California earthquake. In the lat- 
ter the vertical displacement was only 1 or 2 feet, while in the former there was also a large 
horizontal shear of about 18 feet. In the Formosa earthquake, whose magnitude was 
much smaller than the other two, the vertical and horizontal displacements of the ground 
were each of a moderate scale, the maximum amounts being 0 and 8 feet respectivedy. 
The maximum (vibratory) motion in the Mino-Owari eartlu]uakc showed a tendeiKiy of 
being directed from the central point toward each end; while, in each of the two other 
earthquakes, the same motion was, as far as can be ascertained, directed from one end 
toward the centcir. Again, the direction of the maximum (vibratory) motion was, in 
the Formosa eartlniuake, the same as that of the shear of the deprnssiul ground. In the 
two other earthquakes, however, the reverse was the case. These differences are probably 
due to the variation in the manner of the action of the force along the fault-plane which 
finally produced the dislocations. 


REVIEW OF SALIENT FEATURES. 

The differential displacement of the earth’s crust effected by the movement on the 
San Andreas fault on April 18, 190(), may for convenience be resolved into two com- 
ponents, the horizontal and the v(;rtieai. Of these the horizontal movement was the 
more important and was susceptible of measurement, giving minimum values for the 
amount of displacement in this direction practically all along the trace of the fault, 
except at the extreme north and extreme south. The vertical movement was small com- 
pared with the horizontal, and was established satisfactorily only in the region to the 
north of the Golden Gate. 

Two kinds of evidence of vertical displacement were available. The first of these was 
the formation of scarps along the fault-trace, and the second was the change on portions 
of the coast of the level of the land relatively to sea-level. The scarps that appeared as 
features of the fault-trace weax! in i)art fresh facets where none had existed before the 
earthquake and in part accentuations or additions to old scarps due to former movements. 
In both cases exact measurements were rentlered difficult by tlie drag of the soil along 
the rupture, and by the complication due to the larger horizontal movement. But 
making all allowances for the masking effect of drag of the soil, it is certain that the height 
of these scarps, or of the additions to old ono.s, was quite variable, even in the same general 
locality, within a range of a few inches up to about 3 feet. It is suggested that this 
variation is referable in considerable measure to the drag and adjustment of materials in 
the zone beneath the soil; so that the true displacement of the firm rocks lies between the 
extremes observed. 

The evidence of vertical displaceiRent, based on the recognition of scarps, indicates a 
slight upward movement of the crustal block on the southwest side of the fault in the 
northern territory. South of the Golden Gate there is no very satisfactory or consistent 
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evidence of differential vertical movement. For many segments of the fault-trace in this 
region, there is no suggestion of displacement of this kind. In other portions, notably 
in the vicinity of Black Mountain and southward, the movement appears to have been 
distributed over a considerable zone, with the formation of many auxiliary cracks. 
Upon the latter scarps were formed, but these in some cases faced the northeast and in 
others the southwest, and the resultant effect is not known. Judging from the localities 
where the movement was not so distributed, but was confined to a narrow zone, the 
differential vertical displacement was nil. 

Similarly, the evidence of vertical displacement, based on a comparison of the relative 
position of land and sea-levels before and after the earthquake, is limited to the region 
north of the Golden Gate. The Point Reyes Peninsula appears, from this class of evi- 
dence, to have been probably upraised slightly by the fault movement; but the evidence 
is not entirely conclusive. 

Observations conducted by the Coast and Geodetic Survey thruout the year suc- 
ceeding the earthquake, at the tide-gage station near Fort Point in the Golden Gate, show 
that the relative level of land and sea at that point is the same as it was before the earth- 
quake. Since this station lies on the northeast side of the fault, the observation would 
appear to indicate that any upward movement of the crustal block on the southwest side 
was an absolute one. 

The horizontal displacement on the fault, as measured on fences, roads, and various 
structures which crost the fault-trace, is also apparently quite variable, ranging from a 
foot or less up to 20 or 21 feet. This variation is probably due to a number of causes. 
The principal one of these is the fact that the displacement was not always confined to the 
sharp line upon wliich an offset was observed at any locality. Auxiliary cracks, dis- 
tributed over a zone not uncommonly a few hundred feet wide, took up portions of the 
displacement; and these auxiliary cracks doubtless escaped observation in many cases. 
Indeed, owing to the yielding character of the superficial mantle of soil and regolith, it is 
probable that many of these auxiliary cracks did not appear as ruptures at the surface. 
I^ides this distribution of the displacement on auxiliary cracks satellitic to the main 
rupture, the deformation of the ground along the latter, both superficially and in its 
deeper portions, was probably variable. The extent of this drag is shown in a few in- 
stanees that have been susceptible of measurement; notably the fence at Fort Ross, sur- 
veyed by Mr. E. S. Larsen, on which a displacement of 12 feet was distributed over a 
distance of 415 feet on the southwest side of the fault-trace; the roadway near Point 
Reyes Station, where a displacement of 20 or 21 feet was distributed over 60 feet; the 
fence south of Mussel Rock, surveyed by Mr. H. 0. Wood, in which a displacement of 13 
feet was distributed over 250 feet on the southwest side of the fault-trace and 40 feet on 
the northeast side; the 3 fences surveyed by Mr. R. B. Symington near San Andreas 
Lake, one showing a displacement of 16.9 feet, distributed over more than 1,100 feet, the 
second a displacement of 10.4 feet distributed over more than 300 feet, and the third a 
displacement of 12.7 feet distributed over more than 2,200 feet; and the tunnel at Wright, 
surveyed by the engineers of the Southern Pacific Company, showing a displacement of 
5 feet distributed over nearly a mile on the southwest side of the fault-trace. These 
instances arc doubtless indicative of the general character of the deformation of the ground 
in the immediate vicinity of the fault, and aid in understanding the variable expression of 
the amoimt of offset at the main fault-trace. The recognition of the distribution of the 
movement on auxiliary cracks, some of which may not have appeared at the surface, and 
the deformation of the ground along the zone of rupture, justifies the conclusion that, 
except under peculiar conditions — such, fof example, as in the marsh at the head of 
Tomales Bay — the maximum figures obtained for the displacement by the measure- 
ment of offsets at the surface must be a minimum expression for the true extent of the 
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movement in the firm rocks below. For the middle half of the extent of the fault-trace 
from Point Arena to Crystal Springs Lake, these maximal measurements are very com- 
monly from 15 to 16 feet, and these figures may thus be taken as a minimum expression 
for the amount of the displacement on the fault for this segment. In the southern quarter 
of the extent of the fault-trace, the maximum offset is about 8 feet, and this may simi- 
larly be taken as a general minimum expression for the displacement on this segment, 
except for the extreme south end, where it dies out. The amount of displacement at the 
northern end of the fault has not been ascertained. 

The geodetic measurements of the earth movement, as presented in the paper by 
Messrs. Hayford and Baldwin, are of extreme interest and form one of the most important 
contributions to the study of the earthquake. The evidence of displacement observed 
along the fault-trace affords measurements of the total relative movement only, while 
the geodetic work gives us an approximate measure of the absolute movement on either 
side of the fault, and the distribution of the movement away from the fault. The results 
of this geodetic work are not only set forth in detail by the paper of Messrs. Hayford and 
Baldwin, but they arc also admirably summarized, so that all that seems necessary in this 
place is to discuss very briefly these results from a geological point of view. 

A notable feature of the paper is the discovery of a movement of the earth’s crust which 
antedates the earthquake of April 18, 1906, and which is referred to the earthquake of 
1868; altho it is recognized that the date and duration of the movement cannot, on the 
data available, be positively determined. Inasmuch as the time of this movement is left 
an open question, and is referred to the year 1868 largely as a matter of convenience in 
discussion, it may be of advantage to inquire briefly whether or not it may have some other 
significance than that of a sudden movement occurring in that year. 

Altho, as shown in another part of this report, the earthquake of 1868 was related to a 
rupture or series of ruptures of the ground at the base of the hills on the northeast side of 
San Francisco Bay, there was no evidence of a large relative displacement such as occurred 
in 1906. It seems reasonable to suppose that if the earlier movement in question had 
occurred suddenly in the same way as that of April 18, 1906, we should have had a similar 
manifestation of faulting within the region affected. Since there was no such manifesta- 
tion the reference of the earlier movement to the earthquake of 1868 may be fairly ques- 
tioned, and another hypothesis entertained to explain it, particularly if this hypothesis 
harmonizes in some considerable measure with the results of the geodetic survey. 

This hypothesis is that the earlier movement is not immediately or exclusively asso- 
ciated with the earthcpiake of 1868, but is the expression of the strain in the earth’s crust 
which led to the rupture or slip of 1906 and the consequent earthquake. That rupture 
presupposes a condition of strain, and it is difficult if not impossible to conceive of such 
a sudden disruption except as a relief from strain. Such strain involves the idea of slow 
displacement ; and if a series of points had been established in the territory affected at 
different dates, with refcirence to some base beyond it, a measure of this slow displace- 
ment or crec'p of the earth’s crust might have been obtained. 

The strain culminated in a slip on an old rupture plane and may fairly be supposed 
to have been more or less symmetrically di.stributcd with reference to that plane, so that 
when relief was effected by slip, the movement involved would be equal in amount on the 
two sides of the fault. 

This hypothesis and its implications appear to fit fairly well with the results of the 
geodetic resurvey, particularly for that portion of the territory where the earlier move- 
ment can be most satisfactorily discriminated from the displacement of 1906. For 
example in the Tomales Bay region there are ten points, viz. : liodega Head, Tomales 
Point, Tomalcs Bay, Foster, and Point Reyes Hill on the west side of the fault of 1906, 
and Bodega, Smith, Mershon, Hans, and Hammond on the east, at which the two move- 
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mentB are separated. These stations are found to have moved in a nearly north direction 
an average amount of 1.56 meters in the interval between “before 1868” (1856-1860) 
and “after 1868” (1874-1891). Since the values upon which this average is based were 
arrived at in part by methods of interpolation, there is no great variation from the average 
at any of the ten stations. The interval within which this northerly movement took place 
is rather indeterminate, but may be placed doubtfully at 32 years. 

Under the h}rpothesis here presented this movement continued at a probably uniform 
rate for the next 16 years up to the time of the earthquake of 1906. This would give us a 
total northerly movement for the interval from 1856-1860 to 1906 of 2.34 meters. Now 
the northerly component of the combined earlier and 1906 movements, shown in table 3 
of Hayford and Baldwin’s paper, is on an average 4.95 meters for the five stations west 
of the fault-line. This includes the sudden movement of 1906 plus the slow creep of 
2.34 meters above deduced. The value for the northerly component of the sudden move- 
ment of those points in 1906 is thus 4.95—2.34, or 2.61 meters. Similarly the southerly 
component of the combined movements for the five stations to the east of the fault is 
found to be on the average 0.09 meters. The southerly component of the sudden move- 
ment of 1906 was therefore 0.09-1-2.34, or 2.43 meters. The absolute movement on the 
two sides of the fault on April 18, 1906, was thus nearly the same in amount. 

The reference of the earlier movement to a slow creep thus appears to harmonize with 
and therefore tends to confirm the a 'gruyri assumption that the absolute movement of 
1906 should have been the same on both sides of the fault. Were data available as to 
the time at which other groups of stations were determined in position, it is probable that 
a similar result would be reached. We may consider, therefore, that the earlier move- 
ment is better explained on the hypothesis of slow creep, continuing up to April 18, 1906, 
than on the assumption that it occurred at or alx>ut the time of the earthquake of 1868. 
This conclusion applies to the region north of San Francisco Bay. To the south of the 
Bay the data available are inadequate for a satisfactory separation of the two movements, 
except in the case of Loma Frieta, and here the earlier movement appears to have been 
soutWly. 

Anoth(w result of the geodetic resurvey which points to a slow creep of the region 
under strain precedent to April 18, 1906, is the distribution of the displacement on 
that date. The measurements of the absolute displacement on the two sides of the fault 
show that it was notably greater near the fault than at points remote from it. Thus 
if we imagine a series of points in a straight line transverse to the fault before the 
earthquake that line was so deformed that^th^ segment to the west of the fault 
curved northerly and the segment to the east curved southerly in approaching 
the fault-trace. This deformation can be most readily explained by supposing that the 
series of points upon the assumed straight line were determined as to position in the 
first instance upon the surface of a portion of the earth under elastic strain, so that when 
relief was effected by rupture, the points tended to assume positions relative to one 
another which they would have had if they had been determined before the advent of the 
strain. 

It may be further pointed out that the conclusion reached by Hayford and Baldwin to the 
effect that the absolute movement on the west side of the fault was on the average twice as 
great as the movement on the east side is founded on the assumption of the stability of 
the base-line Diablo-Mocho. In view of the unknown extent of the earth movement of 
April 18, 1906, it would seem preferable to make the assumption that the relief from strain 
was approximately distributed equally on the two sides of the fault and from this infer 
the amount of the southeasterly displacement of Diablo and Mocho. The assumption 
that Diablo and Mocho were not affected by the disturbance of April 18, 1906, is based 
on the following considerations: 
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1. There was no change in the azimuth of the Diablo-Mocho line. 

2. There was no change in the length of that line. 

3. There was no appreciable change in the relations of these two stations to certain 
others nearer the fault. 

4. The latitude of Ukiah remains the same as before the earthquake. 

The first three of these conditions would be fulfilled if the region including all the sta- 
tions occupied had moved in unison southeasterly with but little or no rotation, a possi- 
bility which it is difficult to deny. The fourth consideration does not preclude this possi- 
bility since the amount of movement involved is probably less than the errors of the 
method used for the determination of the latitude of Uki^. 

In the region about Monterey Bay the moat interesting fact brought out by the geodetic 
resurvey is that the combined effect of the earlier movement and that of 1906 is a southerly 
migration of the earth’s crust on both skies of the San Andreas rift. It is probable from 
direct observations of relative displacement along the fault-trace in 1906 that the south- 
westerly block moved northwest as far as the rupture extended. If this be accepted, then 
the southerly net movement on the west side of the south end of the fault is due to the 
predominance of an earlier southerly movement. This agrees with the positive and cer- 
tain earlier displacement of Loma Pricta. Accepting the southerly character of this 
earlier movement as certain, there is forced upon us the remarkable fact that the direc- 
tion of displacement in the region about Monterey Bay is the reverse of that of the earlier 
movement for the region north of San Francisco Bay. This means that the earlier move- 
ment was distensive in character, displacing the territory to the north of San Francisco 
Bay northerly, and that to the south southerly while the vicinity of the Bay itself was 
relatively neutral. It appears, moreover, that the southerly displacement was differen- 
tially diffused, since the amount of displacement of the south side of Monterey Bay was 
notably greater than that of the north side, resulting in a widening of the Bay by about 
10 feet. 

Similarly the distance between Tamalpais and Black Mountain, both on the same side 
of the San Andreas rift, has been increased by a like amount. The significance of this 
general distension involved in the reversal of the direction of displacement to the north 
and south of San Francisco Bay, and of the differential character of tliis distension, with- 
out known ruptur<^, at Monterey Bay and San Francisco Bay, can not at present be stated. 
The problem retjuinis prolonged study and repeated measurements to secure the necessary 
data for a jjroper discus.sion. It is evident, however, that we arc here confrontcnl with 
some of the most interesting phenomemi in the mechanics of the earth’s crust, phenomena 
which call for deliberate investigation extending through years and decades and conducted 
on a wisely planned program. 



PKOYISION FOR MEASUREMENT OF FUTURE MOVEMENTS ON SAN ANDREAS FAULT. 

The extent of the movement on the San Andreas fault on April 18, 1906, was measured 
imperfectly and inexactly by offsets of fences, lines of trees, roads, pipes, dams, creeks, 
shore lines, etc. The distribution of the displacement in the immediate vicinity of the 
fault, the drag and compression of the soil, the imcertainty as to the former orientation 
of the lines offset, and other adverse conditions rendered the determinations unsatisfac- 
tory to a certain degree. With one exception, the measiu^ments obtained in this way 
are suspected of being less than the true amount of relative displacement of the firm rocks 
below the surface materials. 

With t he object of obtaining a more exact measurement of any future movements that 
may take place on the same fault, the Commission caused to be established two sets of 
piers or monuments in the Rift, in proximity to the fault-trace, upon which instrumental 
observations could be obtained as to the amount of displacement. This was not done in 
anticipation of the recurrence of a large movement in the near future, but because it 
was suspected that there might be slight movements at the times of minor earthquakes, 
such as are fairly common. Such slight movements might, in the course of years, accu- 
mulate to an important amount, and yet the individual increments of the displacement 
escape notice unless refined methods of measurement arc resorted to. It is hoped that 
the establishment of the monuments and the redetermination of their relative positions 
from time to time will enable future observers to ascertain whether or not there is a small 
progressive movement on the San Andreas fault, in addition to the larger movements 
which cause more violent earthquakes, such as those of IS.*)? and 1906. Asides serving 
this purpose, the movements will also be useful in any effort that may be necessary in 
future to determine with precision the amount of a large displacement. 

The localities selected for the position of the two sets of monuments arc Olcma, Marin 
County, and Crystal Springs Lake, San Mateo County. These localities are almut 40 
miles apart on the Rift, and the fault-trace at both was confined to a very narrow zone 
in 1906, thus permitting the piers to be more closely grouped than at many other localities 
which for other reasons might have been chosen. 

Each set of monuments consists of four concrete piers, established two on each side 
of the fault-trace of 1906. They are sunk in the ground to a depth of about 6 feet, and 
are founded either upon rock or upon a firm “hard-pan” arising from the decomposition 
of the underlying rocks. They rise from 2 to 3 feet above the surrounding surface. The 
establishment of the piers at Olcma was intrusted to Mr. A. J. Champreux, of the Astro- 
nomical Department of the University of California, and those at Crystal Springs I..ake 
were set in place by the officers of the Spring Valley Water Company, under the direction 
of its chief engineer, Mr. Hermann Schussler, who very kindly relieved the Commission 
of any expense connected with the operation. The piers at Olcma arc 13 inches square 
in cross-section, while those at Crystal Springs Lake are 18 inches square. To the summit 
of each of the piers is fixed a thick bronze plate 13 inches square, with suitable appliances 
for nweiving a selected instrument in a constant position for successive measurements, 
and a device for determining a fixed point to which to measure. This plate is protected 
by a heavy iron cap, 14.5 X 14.5 inches, lockt upon it, bearing the inscription: 

S.E.I.C. 

To measure 
earth movements 
1906. 

The instrument selected for the first and subsequent measurements is a 10-inch alt- 
azimuth, the property of the University of California, and the key of the protecting caps 
is at present in the safe keeping of the same institution. 
m 
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In order to render the monuments thus established available for future measure- 
ments of displacement, it was necessary to have their present relative positions established 
with precision. This work was very kindly undertaken for the Commission by Mr, B, A. 
Baird, Assistant, Coast and Geodetic Survey, a report from whom follows, setting forth 
his methods and results: 

RELATIVE POSITIONS OF THE MONUMENTS. 

By B. a. Baird. 

OLEMA. 

Description of monuments. — The monuments at Olema'^are on Mr. Skinner’s ranch, 
just a little north of the dwelling-house. The two piers west of the fault-trace are in an 
orchard on level ground, but the other two, which are just east of the road, are on a hill- 
side, the northeast monument being 
about 15 feet higher than any of 
the others. In order to measure 
and observe between the northwest 
monument and the southeast mon- 
ument, a trench about 3 feet deep 
had to be dug thru the embank- 
ments on both sides of the road and 
somewhat into the traveled portion 
as well. Some clearing of brush 
was necessary in order to make 
the northeast monument and the 
southwest monument intervisible. 

The relative positions of the four 
monuments are shown in the dia- 
gram, fig. 44. The lengths of the 
three heavy lines were determined 
by measurement. The measure- 
ments of the other three lines were 
considered impracticable, on ac- 
count of the great height of the 
northeast monument above the 
others, as compared with the short 
distances between them and it. 

By means of the three measured 
lines, however, a double determi- 
nation is obtained, thru the ob- 
served angles, of each of the three 
lines not measured by the steel tape. 

The lines were cleared sufficiently 
so that all four of the monuments 
could be occupied with a theodolite, 
and then all of the lines were ob- 
served, including the diagonals. In 
order that future movements may 
be readily detected by means of ob- 
served angles, the centering of the instrument was considered to be of the greatest impor- 
tance, especially for such very short lines as these. A bronze plate had been constructed and 
set up on each monument, especially designed for supporting in position the Fauth 10-inch 
alt-azimuth instrument of the Civil Engineering Department of the University of California. 

A sketch of the plate is shown in fig. 45. The spindle which screws into the central socket 
of the plate is shown in fig. 47, and the iron cap which protects the plate when the spindle 
is removed is shown in fig. 46. Referring to the sketch of the plate, it will be seen that there 
are three lugs, or foot-plates, standing upon and attached to it. In one is a groove (vertex 
of angle at bottom), and in one a hole (inverted cone), while the third has simply a smooth 
surface. This arrangement prevents any binding of the foot-screws of the instrument, and 
insures that it will always be set in the same position in successive measurements. 



Fio. 44. Monuments at Olema. 
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PLATE 




5. E. I C. 


TO MEASURE 
EARTH MOVEMENTS 
1906 


To doubly insure this, one of the lugs is marked to cor- 
respond with a particular support of the theodolite, the 
corresponding support being similarly marked. This 
arrangement further insures that even tho the center of 
the instrument does not correspond exactly with that of 
the point observed upon (for each monument), thus pre- 
venting a closing of the triangles within the accuracy of 
observation (that is, that the sum of the 3 angles of each 
triangle should equal 180°), the angles obtained will still 
correspond with each other in successive observations 
within the limit of observational errors. 

For observing upon, and also for reference points in the 
base measurements, a spindle has been constructed for 
each plate. This spindle screws into a cup-like projec- 
tion fastened upon the plate for a center-mark. Each 
spindle is numbered to correspond with a particular monu- 
ment, the corresponding number being upon the plate. 

Up to a distance of about 200 feet these spindles make 
excellent objects to observe upon, provided there is a suit- 
able background. A background that can not be surpast 
is readily made by propping up behind the spindle the 
black iron cap which covers and protects the plate when 
not in use. When the distances are greater than about 
200 feet, as is the case with the longer lines at Crystal 
Springs, the best object to observe upon can be made by 
whittling the end of a lead pencil to fit into 
the cup and then wrapping the pencil with a 
little white cloth. In this case the back- 
ground should be the same as before. In 
any event, if tape measurements are con- 
templated, the spindles should be taken 
along, in order that they may be used as 
reference marks in those measurements. 

Leveling record. — In the following tabu- 
lation, S. W. p means the top of the bronze 
plate on the southwest monument, along- 
side the spindle bowl or cup near the cen- 
ter. A corresponding point was taken on each monument to show the relative elevations 
to be retained for future reference. 

S. W. 8 is the top surface of the spindle hub, screwed into the socket, made for marking 
the center on the same plate. These points were taken to show differences of elevation of 
points used in the tape measures in tho base-lines, and arc of no value beyond this. 

In computing the elevations, the top of the southwest monument was arbitrarily taken as 
10 feet, and the other elevations are corrected to correspond with this datum plane. 

The spindle bowl is not in the center of the plate, owing to the position of the lugs, so that 
the point leveled upon representing the level of the plate is on the side of the spindle bowl 
next to the center of the plate. 

The level used was a Troughton and Simms dumpy level with compass attachment. 


CAP 


5 5 





Ful. 47 


S.W.p. 




Fia. 4.’S. — Diagram of bronze plate on monuments. 

Fig. 46. — Diagram of iron caps protecting plates. 

Fig. 47. — Diagram of spindles to be attached to plates. 


[Elevations in feet. — Mean results.] 



First 

Measures. 

Second 

Measures. 

— 

Mean. 

Base-Line 

Elevations. 

DirFERBNCEB 
or Elevation. 

S.W. p . . . 
S.W. B . . . 

10.000 

10.000 

10.000 



10.075 

10.076 

10.076 

10.076 


Stake A . . . 

7.465 

7.462 

7.464 

7.464 

- 2.612 

N.W. p . . . 
N.W. s . . . 

8.006 

8.057 

8.004 

8.053 

8.005 

8.055 

8.055 

+ 0.591 

Stake B . . . 

11.694 

11.690 

11.692 j 

11.692 

+ 3.637 

S.E. p . . . 
S.E. 8 . . . 

11.389 

11.455 

11.390 

11.456 

11.390 

11.456 

11.456 

- 0.236 

N.E. p . . . 
S.W. 8 . . 

25.877 

25.877 

25.877 

10.076 

- 1.380 
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The relative elevations of the four monuments, taking the center of the plate in each 
case, are as follows: 


FEET. 


Southwest monument (assumed) 10.000 

Northwest monument 8.005 

Northeast monument 25.877 

Southeast monument 11.390 


Base-line measures, — B. A. Baird in charge, reading rear end of tape and recording. 
R. S. Badger, forward end of tape and reading thermometer. Charles Evans (laborer), 
steadying spring balance attached to end of tape and watching tension of 10.5 lbs. The 
tape used, a lOO-foot steel tape, G. M. Eddy and Co., Catalogue No. 703; was stamped on 
reel ^‘No. 1'' for identification in future use. Its width is 0.272 inch; its thickness 0.010 
inch; and its weight per foot 3.8324 grams or 0.00845 lb. This tape, on May 1, was com- 
pared with the standard tape at the University of California, a long level stretch on the 
“bleachers” being used for the purpose. The standard tension of 10.5 lbs. was adopted, 
and no difference in the lengths of the tapes could be detected. 

The standard tape, N.B.S. No. 8, is marked only at zero and 100 feet. The comparisons 
were made between these marks, and the equality of zero to 50 feet and 50 to 100 feet was 
measured on the tape used in the base-measures, there being no measurable difference. 

The constants of the standard tape, N.B.S. No. 8, are: Temperature of observation, 
64.6^ F. ; Tape supported thruout entire length ; tension, 10.5 lbs. avoirdupois ; resulting 
values of spaces at 62° F., assuming coefficient of expansion = 0.0000063 per degree F. are 
zero to 100 feet = 100 feet 0.00 inch. 


PORMULiB AND CONSTANTS USED IN BASE-UNE COMPUTATIONS. 


Correction 


Correction 


Correction 


for Level = where 

h = difference of elevation of ends of tape. 
d = distance between supports, 
for Temperature = — / (T—t)e, where 
I = length of line corrected for. 

T = standard temperature = 62° F. 
t = mean temperature of tape. 

e = coefficient of expansion = 0.0000063 per degree F. 
for Sag = - ^ where 


w = weight of tape per foot = 0.00845 lb. per foot. 

P= standard tension of 10.5 lbs., the same as used in measures. 
d and I same as above. 

From the above, ^ 0.00000002700. 

The correction for pull, accounting for elasticity of tape, is not necessary, since the stand- 
ard tension was used in the measures. 


Level correction, — In taking the measurements, the center of the spindle, firmly screwed 
into the cup on the bronze plate, as shown in the diagram, fig. 47, was the reference mark on 
the monuments. 


The ordinary correction for level 



is not sufficiently accurate when the differences are 


large, and a second correction has been allowed for. In the corrections at Crystal Springs, 
even third approximations are necessary. 

The computed values of the measured lines are summarized as follows: 


[Computed lengths of bases (feet).] 



Forward. 

Backward. 

Mean. 

N.W. to S.W. Mon 

N.W. toS.E. Mon 

S.E. to S.W. Mon 

110.1528 

120.5800 

79,3728 

110.5115 

120.5878 

79.3725 

110.512 

120.588 

79.373 
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CRYSTAL SPRINGS LAKE. 

Description of stations. — These monuments are about 7 miles northwest of San Mateo 
on the eastern shore of Crystal Springs Lake, the reservoir of the Spring Valley Water 
Company. The location is about a mile southeast of Camp Sawyer, which is on the west 
side of the lake at a point where the lake is very narrow and is spann^ by a bridge, close to 
the northern end. 



As will be seen from the leveling record, and from the accompanying rough sketch, fig. 
48, the ground is very uneven, and the measurement of a base-line was executed under 
considerable difficulty. The line measured, which was the only practicable one, crosses two 
ravines and comes up toward the southeast monument, over a very steep road embankment. 
Considerable clearing of brush was necessary in order to cross the ravine near the northwest 
monument. On account of the large differences of level between the base-line stakes in 
some places, the leveling had to be done with extreme care, there being at one place a rise 
of 11.5 feet in 50 feet, and, next to the road embankment, a rise of about 6 feet in 20 feet. 
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The plates, spindles, and cape are the same as those described under Description of 
Monuments” at Olema. The distances between these stations being too great to observe 
upon the spindles with advantage, pencils were wrapt with white cloth and set in the spindle 
cups upon the plates, the bronze protecting caps being used for background, as in the Olema 
measurements. 

Base-line measures. — The stakes, made long enough to stand above the grass, were lined 
in with the alt-azimuth instrument, and to avoid the possibility of errors they were all 
numbered on top with a blue crayon. The stakes were made of redwood, and the method 
of marking was to stick a pin straight down in the top of each at the marking edge of the 
tape. The tape used was marked to hundredths of feet the entire length, the thousandths 
being estimate. The measurements were so taken as to avoid estimating the thousandths, 
excepting on the last measure, the mark being arbitrarily placed at the nearest convenient 
tenth of a foot on the top of each forward stake. 

As the diameter of the pins used was almost exactly the same as the width of the 0.1-foot 
marks on the tape, the marking could be done with exceptional accuracy, especially by 
holding the eye directly over the mark in such a way that there would be no parallax. The 
spring balance was fastened to the forward end of the tape, and steadied by means of a cord 
looped BO as to slip up and down on a pole, held by a man who at the same time watched 
the tension. To avoid any pulling against the stakes, the height of the tape was regulated 
by means of the loop so as just to graze the top of the stake. All the marking was done 
at the forward end of the tape, the officer in charge at the rear end simply steadying on the 
mark of the previous measure and then reading the tape. 


The lengths of the base joining the southeast and northwest monument resulting from the 
measurements are the following: 


Fbkt. 


First intiaHun^ 857.8020 

Second measure 857.7988 

Mean 857.800 


Relative elevations. — By means of precise leveling the relative elevations of the four 
fixed monuments, taking the center of the top of the bronze plate in each case, were 
found to be as follows : 


Northwest monument 
Northeast monument 
Soutlieast monument 
Southwest monument 


Feet. 

(assumed) 50.000 
. . . 86.513 

. . . 75.787 
. . . 46.113 


Method of observing angles. — The instrument used was a 10-inch alt-azimuth theodolite, 
carrying two micrometers 180® apart. Each micrometer head is divided to represent sec- 
onds of arc, enabling the observer to estimate to tenths of seconds of arc at each reading. 
In taking the observations, each micrometer was read to correspond with two consecutive 
5-minutc divisions, one being back of the reference mark and one in front. The correc- 
tions for “ run” at each station were based upon the observations themselves, the mean of 
all observations at the first two monuments being taken both at Olema and at Crystal 
Springs. In order to eliminate all possible instrumental errors, the observations were, in 
general, taken in four sets, having for the initial reading of each set, 0®, 90®, 45®, and 135®, 
respectively; making for the reversal of the telescope, without changing the setting of the 
circle, the corresponding readings of 180®, 270®, 225®, and 315®. 

Thus, upon each station there were eight pointings of the instrument, representing eight 
portions of the circle equally divided. Since for each of these pointings there are two 
micrometers, each giving two readings of the thread, there were in reality 32 micrometer 
readings for each observed station. The above statements apply fully at Crystal Springs, 
but at Olema one micrometer was not in cpndition to use, so that the Olema observations, 
while constituting the same number of telescope pointings, represent for each observed sta- 
tion but 16 micrometer readings. 

At Olema, on account of the very small distances between the monuments, large changes 
of focus were necessary for the different pointings. This, combined with the large differ- 
ences of elevation, and lack of perfect centering of the instrument on the plates to correspond 
with the positions of the spindles, prevented the triangles from closing to a very high degree 
of accuracy. Still, when these discrepancies are reduced to errors of distance, they become 
practically inappreciable. 
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At Crystal Springs, where the lines are much longer, the closing of the triangles was very 
good. The correction for each angle, in order to make the sum of the angles of each tri- 
angle equal to 180^, was on the average only about one second of arc. This goes to indicate 
that this instrument, when properly used, is capable of excellent results. At Crystal Springs 
a least square reduction of the observations has been made, but the angles and distances 
thus computed are almost identical with those of the original computation. 

At Olema, where the three lines having the least differences of level were measured, the 
diagonal between the northwest monument and the southeast monument (being best suited 
for computation) was taken as a base for computing the other two measured sides. The 
means of the computed and measured distances of these two sides, together with the direct 
measure of the above-mentioned diagonal, were taken as the best measures for computing 
the unmeasured sides. The lengths of the three unmeasured sides, therefore, depend not 
only upon the observed angles, but upon the lengths of the three bases, as indicated above. 
This method gives the measured distances and observed angles about equal weight, the 
angles being corrected for each triangle according to what is known as the '' field adjust- 
ment. ” As above noted, however, it is very doubtful if the angles are entitled to as much 
weight as the measured distances, and hence, it was decided to retain the exact values of 
the three measured distances, and make a least square’^ adjustment of the angles of the 
quadrilateral to correspond. 

The three measured sides being assumed as fixed, the three angles of the triangle N.W. 
Mon., S.E. Mon., S.W. Mon., can each have but one value, and these values have been com- 
puted from the three sides. These three sides and the corresponding angles remaining fixed, 
an adjustment is made between the remaining angles and the three unmeasured sides, so 
as to fulfill all the geometrical conditions, giving at the same time the most probable values, 
according to the theory of least squares.’' 

Abstracts of horizontal angles. — In the abstracts of horizontal angles tabulated below, 
the first set of angles given under the heading Observed ” are the means of angles taken 
directly from the original records. The column headed ''Field Adjustment” shows the 
angles as they appear in the field computations after the angles of each triangle have been 
corrected to sum up ISO'^, giving the same correction to each angle in a particular triangle. 
This adjustment, which is the usual one made in the original computations, does not account 
for the other geometrical conditions required for the rigid solution of a quadrilateral, but 
when the errors in the angles are small, the resultant distances, especially if short, will be 
very near the truth. The column headed "Least Square Adjustment” shows the angles 
computed so as to fulfill all the geometrical conditions, giving their most probable values 
according to the theory of "least squares.” 

In future measurements, it will not be necessary to repeat the base-measurements unless 
the angles show some change, for by occupying all the stations, any change that could be 
detect^ by tape measurement will at once show in the angles. When, however, the angles 
indicate any change, then a remeasurement of at least one line will be necessary. 
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[Abstract of Horizontal Angles. — Olema. Mean of eight pointings on each station.] 



Observed. 

Field 

Least Square 


Adjustment. 

Adjustment. 

At N .E. Monument : 








S.E. Mon. to S. W. Mon. . . 

37^ 

* 33' 

23.6' 

24.6'' 

37° 

33' 

26.7" 

S.W. Mon. to N.W. Mon. . . 

57 

24 

60.4 

61.8 

57 

25 

21.6 

S E. Mon. to N.W. Mon. . . 

At S.E. Monument: 

94 

58 

14.0 

22.1 

94 

58 

48.3 

S.W. Mon. to N.W. Mon. . . 

63 

12 

13.4 

17.6 

63 

12 

29.7 

N.W. Mon. to N.E. Mon. . . 

27 

57 

59.1 

67.2 

27 

57 

48.6 

S.W. Mon. to N.E. Mon. . . 

91 

10 

12.5 

13.5 

91 

10 

18.3 

At S.W. Monument: 








N.W. Mon. to N.E. Mon. . . 

25 

38 

40.6 

52.0 

25 

38 

41.9 

N.E. Mon. to S.E. Mon. . . 

51 

16 

20.9 

21.9 

51 

16 

15.0 

N.W. Mon. to S.E. Mon. . . 

At N.W. Monument: 

76 

55 

01.5 

05.8 

67 

54 

56.9 

N.E. Mon. to S.E. Mon. . . 

57 

03 

22.6 

30.7 

57 

03 

23.1 

S.E. Mon. to S.W. Mon. . . 

39 

52 

32.3 

36.6 

39 

52 

33.4 

N.E. Mon. to S.W. Mon. . . 

96 

55 

54.9 

66.2 

96 

55 

56.5 


[ Distances in feet.] 



Measured. 

Computed. 

Mean. 

Least Square 
Adjustment. 

S.E. Mon. to N.W. Mon. 

120.588 


1 20.588 

120.588 

S.E. Mon. to S.W. Mon. 

79.373 

79.373 

79.373 

79.373 

S.W. Mon. to N.W. Mon. . . . 

110.512 

110.508 

110.510 

110.512 

N.E. Mon. to N.W. Mon. . . . 


56.768 

56.768 

56.759 

N.E. Mon. to S.W. Mon. . . . 


130.191 

130.191 

130.187 

N.E. Mon. to S.E. Mon. . . . 


101.584 

101.584 

101.582 


[Abstract of Horizontal Angles, Crystal Springs Lake. Mean of eight pointings on each station.] 



Observed. 

Field 

Adjustment. 

Least Square 
Adjustment. 

At N.W. Monument: 







N.E. Mon. to S.E. Mon. 

92 

01' 

49.2" 

49.5" 

92® or 

49.9" 

S.E. Mon. to S.W. Mon. . 

11 

23 

43.5 

43.5 

11 23 

44.9 

N.E. Mon. to S.W. Mon. . 

103 

25 

32.7 

34.8 

103 25 

34.8 

At N.E. Monum(*nt: 







S.E. Mon. to S.W. Mon. . 

10 

12 

21.8 

20.1 

10 12 

19.0 

S.W. Mon. to N.W. Mon. . 

59 

09 

45.1 

47.2 

59 09 

47.9 

S.E. Mon. to N.W. Mon. . 

69 

22 

06.9 

07.3 

69 22 

06.9 

At S.E. Monument: 







S.W. Mon. to N.W. Mon. . 

77 

57 

38.1 

38.1 

77 57 

37.0 

N.W. Mon. to N.E. Mon. . 

18 

36 

02.8 

03.2 

18 36 

03.2 

S.W. Mon. to N.E. Mon. . 

96 

33 

40.9 

39.2 

96 33 

40.2 

At S.W. Monument: 







N.W. Mon. to N.E. Mon. . 

17 

24 

35.9 

38.0 

17 24 

37.3 

N.E. Mon. to S.E. Mon. . 

73 

14 

02.4 

00.7 

73 14 

008 

N.W. Mon. to S.E. Mon. . 

90 

38 

38.3 

38.4 

90 38 

38.1 


[Distances in feet.] 



Measured. 

Field Computation 
(Base-Line). 

Least Square 
Adjustment. 

S.E. Mon. to N.W. Mon. 

857.800 


857.800 

N.E. Mon. to S.W. Mon. 


9.W.4i4 

950.412 

N.E. Mon. to N.W. Mon. . . 


292.368 

292.366 

N.E. Mon. to S.E. Mon. 


916.008 

916.008 

S.W. Mon. to S.E. Mon. , . 


169.500 

169.500 

S.W. Mon. to N.W. Mon. . . 


838.984 

838.982 





ISOSEISIALS: DISTRIBUTION OF APPARENT INTENSITY. 


IHTRODUCTORT. 

In the study of earthquakes the distribution of the intensity of the shock over the region 
affected is usually an important part of the investigation. The intensity is inferred, as a 
rule, from the records of instruments established for the purpose, and from the effect 
upon persons, loose objects, and structures. In the region affected April 18, 1906, how- 
ever, seismograph instruments were very few, and the distribution of the intensity of the 
shock has been determined largely by the effects noted. These effects arc graded in 
various convenient scales and the gradation of inteiudty is indicated upon maps in the 
form of lines or curves, known as isoseismal curves, which express, as well as the data 
available will permit, zones or belts of equal intensity more or less concentric to the point 
or line above the seat of disturbance. The purpose of plotting such isoseismal curves 
is to locate approximately that portion of the earth’s surface immediately above the seat 
of the disturbance. In a discussion of the ideal case, the latter is supposed to be a point 
or centrum, and the place above it at the surface is called the epicentrum. The increase 
in our knowledge of earthquakes in recent years has, however, made it clear that the seat 
of disturbance is rarely if ever a praint, but is usually distributed over a plane of rupture 
in the earth’s crust. When this plane of rupture is of snudl extent, as frequently happens, 
the terminology is little affected by the use of the expressions centrum and epicentrum 
in the discussion of the phenomena; but where, as in the larger earthquakes, the plane 
upon which movement in the earth’s crust takes place has a great horizontal extent, 
then these terms become misnomers and tend to obscure the facts. In the present case 
the inappropriateness of the terms centrum and epicentrum is glaringly ap{)arent and they 
will, therefore, be avoided in this discussion. 

In the case of the California earthquake, the plotting of isoseismal curves for the pur- 
pose of discovering the r^on on the surface above the seat of the disturbance is in a large 
measru^ obviated by the fact that the rupture in the earth’s crust is revealed at the sur- 
face in the form of a fault traceable practically continuously for 190 miles, and probably 
continuously for 270 miles. This fault is undoubtedly the principal scat of the movement 
which caus^ the earthquake. Notwithstanding this fact, the study of the distribution 
of intensity is a matter of importance. It is highly desirable, where the plane of rupture 
is open to the surface and its trace is definitely ascertained, to plot the isoseismal curves, 
since their disposition under these circumstances may illuminate the general method of 
determining the position of a deep-seated fault which causes an earthquake, but is not 
apparent at the surface. It may at least contribute to a definition of the limitations of 
the method. 

It is, moreover, desirable that the distribution of the intensity of the shock should be 
determined as accurately as possible, once we can not safely assume that the main fault, 
which appears as a rupture of the earth’s crust from San Benito County to Humboldt 
County, is the only one which occurred on the morning of April 18. Indeed there are 
a priori grounds for believing that more than one dislocation of the earth’s crust occurred 
at the time of this great disturbance of the equilibrium of the stresses within it. If, in a 
re^on where stresses have accumulated to nearly the snapping point, a rupture is sud- 
denly effected in one place, it seems probable that the jar thus generated might precipi- 
tate ruptures in nei^boring parts of the region under similarly high stresses. It appears, 
therefore, to be h^hly desirable to plot the gradations of intensity for the region affected ; 
not to discover the trace of the nuun fault, which is well known, but to see if such grada- 
tions indicate auxiliary faults in neighboring territory which did not appear as ruptures 
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at the surface. In attempting this task, certiun conditions which militate against the 
accuracy of the results and others which affect their interpretation should be stated. 

In the first place, the scale upon which the gradation of intensity is indicated, that 
known as the Rossi-Forel scale, is more or less arbitrary. At the outset of the inquiry, 
the Commission revised and simplified this scale somewhat, with the object of adapting 
it for general use, and its present form, as amended by the Commission, is as follows: 

I. Perceptible^ only by delicate instruments. 

II. Very slight, shocks noticed by few persons at rest. 

III. Slight shock, of which duration and direction were noted by a number of persons. 

IV. ModeraJte shock, reported by persons in motion; ^shaking of movable objects; 

cracking of ceilings. 

V. Smart shock, genersAly felt; furniture shaken; some clocks stopt; some sleepers 
awakened. 

VI. Severe shock, general awakening of sleepers; stopping of clocks; some window 
glass broken. 

VII. Violent shock, overturning of loose objects; falling of plaster; striking of church 
bells; some chimneys fall. 

VIII. Fall of chimneys ; cracks in the walls of buildings. 

IX. Partial or total destruction of some buildings. 

X. Great disasters ; overturning of rocks ; fissures in surface of earth ; mountain slides. 

It is apparent that the scale leaves room for wide variation in the personal equation. 
Different reporters interpret the same experiences and the same phenomena differently. 
It was also found that in the periphery of the re^on affected, where the earth waves were 
of slow period, pendent objects and liquids were more sensitive indicators of earth move- 
ment than direct perception by individuals, altho the latter is placed first in the scale. 
Prof. G. D. Louderback, who reported upon the intensity of the shock in the region 
east of the Sierra Nevada, makes the following pertinent comment upon this point: 

In the towns along the east base of the Sierra Nevada and within 25 or 30 miles of the 
base, the shock was distinctly felt, movable objects were seen to swing and heard to bump or 
rattle, and a very small number of persons were awakened. Farther east the most notable 
feature of the reports is that wherever the effects of the earthquake were made evident, the 
physical signs, such as the swinging of suspended objects, etc., were described almost to the 
exclusion of direct physiological effects. This is apparently at variance with the principle 
upon which the Rossi-Forel scale is founded, as the first three grades of intensity are based 
on feeling, the visible disturbance of objects not beginning till grade IV is reached. Perhaps 
the most important physical sign reported is the disturbance of smooth water surfaces. In 
five instances, at three different localities, ditch tenders or irrigators noticed an agitation of 
quiet water surfaces, and that water lightly splashed against the sides, as if from low waves, 
or as in a vessel of water when it is slightly tilted. As the morning was clear and entirely 
without wind, it imprest them as peculiar, and the matter was reported when they went to 
breakfast. The suggestion of one that something peculiar had happened, and of another 
that it was an earthquake, was each in its place the incitement of sallies of wit at the ex- 
pense of the reporter. News of the California earthquake reached these places several 
hours afterwards and the time was then found to agree as closely as determinable with the 
phenomena of the morning. In each of the cases, however, it was reported that no shock 
was felt. It is suggested that with moderately long waves such surfaces might prove very 
sensitive indicators of intensities down to the lowest degree on the scale. 

The movement of liquids in vessels, ponds, lakes, or streams, is not included in the scale, 
altho numerous reports were made of such movement and estimates as to the intensity 
of the shock were based thereon. The stoppage of clocks appears to be a very uncertain 
criterion of intensity. In the 6th, 7th, 8th, and 9th degrees of the scale, wherein damage 
to buildings is relied upon for an estimate of the intensity, two important factors tend to 
vitiate the conclusions arrived at as to the comparative intensity. These are (1) the 
great variability of the character of the structures and (2) the character of the ground 
upon which they are built. The scale was probably designed originaUy for regions where 
brick and masonry structures prevail, while in Califomia wooden structures are by far 
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the most common. The latter, by reason of their greater elasticity, arc usually much 
better adapted to withstand the wracking movement of an earthquake shock than are 
brick and masonry walls. The intensity, as inferred from a region of wooden buildings, 
would, therefore, in general appear to be less than that for a region of brick or masonry 
structures. Even among the latter, and among the brick chinmeys of wooden houses, 
which were so generally used as indicators of intensity, there is great variation in strength 
due to the variation chiefly in the character of the mortar used in their construction. 

Along river bottoms and on valley floors, particularly where the ground water is 
abundant, structures were much more susceptible to damage than similar structures 
founded on the firm rocks of the valley slopes. This apparently high intensity of the 
shock in the valley lands was in part due to an actual slumping of the ground, which 
wracked the buildings independently of any clastic vibration communicated to them 
from the ground. 

Finally, in grade X of the scale, fissures in the ground are taken as a criterion of the 
highest grade of intensity, when in reality such fissures have under different conditions 
very different values from this point of view. The fissures which extend down into the 
earth’s crust, and are due to its actual ruptme on a fault-plane, are of course significant 
of the highest degree of disturbance usually experienced in earthquakes; but those cracks 
and fissures which occur in valley bottoms, due to the slumping of soft material toward 
the stream trench, or those cracks which are associated with landslides, in those cases 
Where the landslide was imminent and was merely precipitated by the earth jar, arc super- 
ficial phenomena and do not necessarily indicate so high a degree of intensity as that 
marked X on the scale. It therefore becomes necessary to discriminate such fissures, 
and this was not always done in the reports sent in to the Commission. 

These various imperfections in the scale used for grading the intensities would of course 
be minimized if the entire field were examined and reported upon by one observer. The 
personal equation would in that case, for practical purposes, be constant. But when 
the observations were made over so vast a field by a great number of persons, so diversely 
qualified for the work, the errors are necessarily numerous. 

Added to this are the large gaps in the records, due to the scant population in the more 
mountainous parts of the region affected. In these thinly populated tracts, there is not 
only an absence of individual observations at the time of the earthquake, but also a lack 
of structures which would reveal to sulwcquent examination the effects of the shock. 

It will thus be apparent that any effort to map the distribution of the intensity of the 
earthquake can only yield rough approximations to the actual facts. Yet such approxi- 
mations have their value, and the Commission has not been discouraged by the imperfec- 
tions of the method from applying it to the full extent permissible under the circum- 
stances. The results are given graphically on the isoscismal map which accompanies 
this report. (Map No. 23.) 

In compiling this map, it has been found best to plot the intensities upon the basis 
of a literal interpretation of the Rossi-Forcl scale, as regards damage to structures. It 
results from this that in the river bottom the curves represent zones of equal destructive 
effects, but not necessarily zones of equal intensity, interpreted in terms of acceleration 
of the vibratory movement of the earth. In these tracts we are confronted with the 
question as to whether the locally high destructive effects were wholly due to the char- 
acter of the ground, as in part they certainly were, or whether these may not be ascribed 
in part to local auxiliary faults in the earth’s crast which did not appear as ruptures at 
the surface. This question will receive special consideration in the sequel, when the 
facts have been more fully set forth. 

It is now proposed to describe somewhat in detail the effects of the earthquake which 
serve as the basis of the isoseismal map, beginning at the north and going southerly. 
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SOUTHERN OREGON. 

The most northerly point on the coast for which we have a record of the earthquake 
shock having been felt on the morning of April 18 was at Coquillc, Oregon. Here Mr. 
E. S. Larsen reports that Judge Harlocker was awakened by the shock at about 5 o’clock. 
Mr. Wilson and his wife were awakened and noticed the cord of an electric lamp swinging 
east and west. The regulator in Mr. Wilson’s jewelry store, facing east, stopt. Others 
were awakened. Mr. Larsen also reports that the shock was felt at Bandon, and that 
at Kerby some claim to have felt it. 

At Williams some sleepers were awakened. At Glendale the shock was felt by 
about 10 per cent of the people. Reports have been received from Nchalem, Tella- 
mook, Newport, Salem, Gardiner, Drain, and Eugene to the effect that the shock was 
not felt. At Port Orford a slight tremor was felt. 

Inland from the coast the following observations are reported by Mr. G. A. Waring: 

At Grant’s Pass the shock was slightly felt. At Medford a few people felt it, and one 
woman was awakened by a slight swinging of the partly open door. At Ashland the 
shock was lightly felt and the sulfur springs nearly doubled their flow for 24 hours, and 
then slowly returned to normal condition. A few people in Klamath Falls claim to have 
felt the vibration, but no clocks in a jewelry store were stopt. In Langcll’s Valley few, 
if any, felt the shock, but water in an east-west trough was noticed moving slowly from 
end to end. From two different sources it was reported that at Merrill the shock was 
distinctly felt, and two old buildings in this place are said to have Ixsen shaken down. 
It was reported that the shock was felt in Drew’s Valley, but the people at the stage sta- 
tion there did not feel it nor know of any one in the valley who did. At Lakeview a 
seconds-pendulum clock facing south in a jeweler’s store stopt. The clock was about 
half run down, it being near the middle of the week. The jeweler says it had never stopt 
before. One other clock, a spring one, was reported to have stopt in this town, and two 
or three people claimed to have hit the vibration. Mr. Waring could not, however, find 
any of these people. At Paisley no shock was noticed on April 18, but on Thursday, 
April 19, about 1** 30“ a.m., a tremor was felt, strong enough to generally awaken people, 
and during the next hour and a half three more shocks were felt. Considerable excite- 
ment was caused, some jHioplo going out-of-<ioors and one rather dedicate woman being 
made sick. But no doubt the fact that news of the San Francisco disaster reached here 
late the previous afternoon greatly increased the notice paid to these vibrations. Mr. 
Waring could learn of no clocks being stopt, the only material evidence being the shaking 
of a lamp from the edge of an unsteady center table. Enquiry failed to elicit any evidence 
of a shock having been felt at Bly, Bonanza, Summer Lake P.O., or Silver Lake. 

Mr. Waring closes his report with the following general statement : 

Judging from all I could learn, I think over most of south central Oregon the vibration 
was hardly perceptible to people awake. At Paisley and at Merrill stronger shocks were felt. 
The shock at Paisley was peculiar in being early Thursday morning, April 19, a sort of “ sym- 
pathetic ” shock. No information concerning the time of the shock at Merrill was obtained, 
but I think it was on Wednesday morning at the time of the great quake. The greater 
intensity of shock at these two places is perhaps due to the underlying formation. Paisley 
is built on river ground at the edge of the Chewancan Marsh. Merrill lies in or near Langell 's 
Valley, by Lost River, which here sinks and flows thru swampy land in several places. 

KLAMATH MOUNTAINS AND NORTHEASTERN CALIFORNIA. 

Crescent City, Del Norte County (George Sartwell). — The earthquake was felt as a 
northerly and southerly temblor lasting about 5 seconds, with a short intermission. 
Several pendulum regulators stopt. In the easterly portion of the town the water in 
a mill-pond was noticed to surge back and forth, disturbing the logs. The ground in the 
vicinity is of a springy nature. On the morning of April 23 another shock was felt, and 
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reported by some to be more severe than that of April 18. But Mr. Sartwcll, having 
experienced both shocks, is of the opinion that the shock of April 18 was the heavier. 
The shock of April 23 was westerly and easterly, and a regulator clock in the shop of 
D. S. Sartwell, watchmaker, that stopt on April 18, was not stopt on April 23. The 
same action took place in the mill-pond as on the 18th. Many people felt neither shock. 
Each rime there was a cessation for a few moments of the surf bearing on the shore. 

Klamath, Humboldt County (C. H. Johnson). — There were two shocks, the first being 
the hardest, and the direction of movement from east to west. The first movement 
seemed to lift up, the second to settle back and shake. No objects were thrown down. 

Prof. A. S. Eakle reports that at Trinidad a severe shaking up was experienced, 
but the shock, according to the residents of the place, did no damage. 

Mr. P. L. Young, M.E., who was in Eureka on the morning of April 18, shortly after- 
ward traveled thru a portion of the Klamath Mountains. He reports that the shock 
was felt at Areata, Blue Lake, and up Redwood Creek to Hower’s. On the Bald Hills, 
at an altitude of 3,300 feet, the shock was heavy. At Martin’s Ferry, on the Klamath 
River, two trees were shaken down. It was felt at Weitchpec, at the junction of the 
Trinity and Klamath Rivers, at Orleans, Somes Bar at the junction of the Salmon and 
the Klamath Rivers, at Bennett’s at the forks of the Salmon River, and at Gilta, a min- 
ing camp in southwestern Siskiyou County, about 3,300 feet above sea-level. Seven 
miles from the latter place, at Brooks, in the extreme northwest corner of Trinity County, 
at an altitude of 4,800 feet, the shock is described as heavy. At Hower’s, on the night 
of April 22, Mr. Young experienced another very perceptible shock. 

Peanut, Trinity County (Mrs. EUen Diller). — Mrs. DiUer was in bed on the morning 
of April 18, partially awake, when she was aroused by hearing a heavy table dragged 
across the floor, altho she is quite hard of hearing. Attached to the ceiling of the room 
was a piece of wire about 3 feet long, to which a basket for flowers is sometimes attached. 
She noticed this wire swinging northwest-southeast thru a space of 7 inches, and thought 
the wind was blowing. The house shook as if a heavy person were walking in the entry. 
The clock was stopt, the clock facing the east and the pendulum length being 5.5 inches. 
Mr. John W. Diller at the time of the shock was awake in bed in a mining camp bunk, 
in a board shack about 8 miles east-northeast of Peanut. It seemed to him as if some 
one were pushing or pulling the side of the shack off. The man in the bunk below him 
was awakened but other sleepers in the shack were not. 

Montague, Siskiyou County (G. H. Chambers). — There was one shock, the estimated 
duration of which was 30 seconds. The apparent direction of movement was ea.st and 
west. The shock was strong enough to rattle windows, to cause beds to move, and sus- 
pended objects to swing. One clock was stopt. 

Gazelle, Siskiyou County (O. F. Dyer). — Many persons in bed felt a light sensation. 
One clock in a brick store was stopt. The vibration was southeast and northwest. 

Sisson, Siskiyou County. — Press rc[)orts state that some windows were broken and 
that water in the Southern Pacific Railway tank spilt out. 

Dunsmuir, Siskiyou County (A. J. Pickchorn). — Doors and windows rattled. 

Etna Mills, Siskiyou County (May Lemon). — Several clocks stopt and some plastering 
was crae-ked. 

Slight shocks arc also reported from the Black Bear, Cantara, and Hornbrook, Siskiyou 
County. At Sawyer’s Bar a few clocks were stopt. At Upton a water tank 40 feet high 
turned to the west, tipping some water out, and then went back to the upright position, 
according to a report by G. R. Dixon. He was awakened by his building swaying north 
and south. A nnsking chair swayed in the same direction, as did hangings on north and 
south walls. This was followed by more complex movements, giving rise to nausea. 

Denny, Trinity County (E. E. Ladd). — The foot of the bed was raised, and then the 
head, indicating that the shock came from south to north. This was followed by a 
tremble which caused a rocking motion. 
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Big BaVf Trinity County (W. A. Pattison). — Mr. Pattison was in bed in a very strong 
block-house, which shook and made a crackling noise. His pendulum clock stopt. 
Nothing was overthrown. There was a tremor, then a stronger shock. The movement 
seemed to be from northwest to southeast. 

Papoose^ Trinity County (C. Blackmoro). — An electric light bulb hanging by a cord 
about 4 feet long was swung in an arc of about 22 inches. 

AlturaSy Modoc County. Population 500. (C. B. Towle.) — The hanging lamps in a 
saloon were found at 5^ 20*" a. m. to be swinging east and west. A tub leaning against 
the house on the porch was thrown down. Some men camped near the town felt a trem- 
ble of the earth. Others in camp several miles from the to^^rn were up and heard the low 
sound of the earthquake, but did not feel the shock. 

HuaanviUef iMisen County (James Branham). — Mr. Branham was in bod with his 
head to the north and felt himself roll back and forth in the bed, from which he con- 
cludes that the motion was east and west. The shock was, however, not severe enough 
to bo generally felt by people asleep. 

McArthur, Shasta County. — Two shocks were felt, the first the stronger, the motion 
being (^ast and west. Nothing was overthrown, according to a report by John McArthur. 

Stella, Shasta County (J. F. Schilling). — A pendulum clock in the Woodward Hotel 
stopt. 

Redding, Shasta County (L. F. Bassett). — Mr. Bassett was indoors, squatted on his 
toes in front of a stove lighting the fire when the shock came. He felt no tremulous 
motion and only one principal disturbance, which lastcid several seconds. There was a 
slight swaying motion of the house for perhaps 10 seconds, and this was strongest at the 
beginning. The motion tended to throw one toward the north. No objects were over- 
turned, but the windows rattled a little. A rumbling noise preceded and followed the 
shock, which he ascribed at the time to a passing train; but there was no train due at 
that time. 

(B. Macomber.) — The shock was not intense enough at Redding to move loose objects. 
In a few cases clocks were stopt. The shock was felt violently and many people were 
awakened by it. It was preceded at a very slight interval by a roar. Up to the moment 
that the most violent {)art of the shock struck the house, I was under the impression that 
the sound and the vibration were both caused by a train passing. The direction seemed 
to be from slightly west of north to slightly east of south. 

Cottonwood, Shasta County (J. B. Hciderick). — A clock stopt. 

HUMBOLDT COUNTY. 

Areata, Huviholdt County. Poptilation OtW. — A. R. Kakle reports that a f(*w chim- 
n(*ys were damagt'd. Mrs. William Nixon reports that a fissures opened in one of the 
stro(;ts of Areata, into which her informant, a reliable man, said he could insert his 
hand ; but by night it had closed again. She* was also informed that a brick from a 
chimney was thrown 40 feet toward the south. The main shock appeared to Ikt to be 
east and west; two rocking chairs in different rooms, both facing Ciost, were obscTved by 
th<‘ separate occupants to rock viohuitly. A clock on a north wall did not stop, whiles 
many on east or west walls did. Of two clocks on the south walls of th(^ same house, 
one stopt whiles the other did not. Mrs, Nixon places the intensity in Areata at VIII on 
the Rossi-Forel scal(\ She reports further that Blue Lake felt tlie shock to the same 
degree as Areata, with falling chimneys, etc., and that shocks were felt up Mad River at 
AngeFs Ranch and on Redwood (Veek at the Berry Ranch. A latfT shock was felt at 
10“ A.M., which stopt a clock on a north wall. 

Eureka, Humboldt County. Population 7,.‘i5(). (A. S. Eakle.) — Eureka was damag(»d 
to the extent of about- $5,000, according to report. Most of the signs of destruction had 
been repaired, but a walk thru the town convinced me that th(» intcMisity of the sliock 
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was not great. There are numerous brick buildings, but no cracks were caused in any of 
them. The greater number of the chimneys were unaffected. In the Public Library 
no books were thrown from the shelves. The large statue of Minerva on the dome of 
the Court-house vibrated back and forth and finally rested at an angle of about 45**. 
Mr. A. H. Bell, of the Weather Bureau, made a note of the direction of the movement, 
which was southwest to northeast, and this direction was confirmed by other observers. 

(A. H. Bell, Observer U. S. Weather Bureau.) — It was the most severe earthquake of 
which there is any record at Eureka. It lasted 47 seconds and the vibrations were from 
southwest to northeast. There were no preliminary tremors, the shock being sudden 
and the vibrations continuous, with maximum intensity toward the end. Buildings 
shook to an alarming degree and several were slightly twisted. One frame building moved 
about 12 inches to the west. Many chimne]^ toppled over and several hundred panes of 
glass were broken. There was no loss of life and loss to property did not exceed $8,000. 
Chimneys fell in all directions, but most of them toward the west. The statue of Minerva 
on the dome of the Court-house tipt toward the south until it leaned at an angle of 43°. 

A second shock occurred on April 18 at 5** 22” a. m., and another was felt at 12** 25“ 
p. M. These shocks were slight and of short duration. Slight shocks of earthquake also 
occurred in (sarly morning of April 19; at S'* a. m. on the 20th; O'* 07” A. M. on the 23d; 
10** 30“ A. M. on the 27th; and at 11** 10” p. M. on the 30th. There was quite a severe 
shock on April 23, at 1** 10“ a. m., lasting about 14 seconds. The vibrations were from 
-^southerly to northerly, being of sufficient violence to shake buildings and stop clocks in 
different parts of the city. 

(H. H. Buhne.) — People who were not frightened and who were looking out of their 
windows described the scene as looking as if all the houses were on the ocean. Only one 
clofik stopt in my house and that was the large regulator in the hall, fa^ng southwest. 
The other clocks had their pendulums swung southwest, so did not stop. 

The shock lasted 47 seconds. It started from a southwest direction. The reason I 
am so sure of it is that I was passing by my mantel, and one of the statues hit 
me in the back when the quake started, and it could not have come from any other direc- 
tion to have done this. It kept swaying the house back and forth for a while, and then 
wound up with a twister. My chimneys stood it until the twister came, and that made 
them crack. On examination I found them turned from 0.5 to 3.5 inches. They were 
all twisted from southwest to north. At my hunting house the shock threw a glass globe 
and chimney from a large Rochester stand lamp into one of the beds, in a direction about 
4 feet from southwest. If it had come from any other direction it would have smashed 
the glass to pieces. 

The damage in Eureka, outside of the Water Works, will not go over $10,000. Plate- 
glass windows were smashed in every place except the Buhne brick block. All the plate 
glass in this building rests on from 0.325 inch to 0.5 inch rubber. The shock picked up 
one building that stood on made groimd and lifted it bodily 12 inches on to the next lot. 
This building was thrown toward the southwest. The statue of Minerva, 13 feet high 
an'd 187 feet from the ground, on the dome of the court-house, was thrown forward to 
an angle of 45°. She was bowing directly south. Chimneys went down ever 3 rwhere, 
some thru the roof ; others were twisted halfway round. No lives were lost and only 
one person was hurt by a chimney crashing thru the roof. 

Smih of Eureka (H. H. Buhne). — A few days after the quake everything lookt all 
right along the road, excepting chimneys, until I reached Field’s Landing, at South Bay. 
Here the shock opened a fissure over 100 feet long in the middle of the road, which 6 
teams spent one day in filling. Pelican Island, as it is commonly called, opposite Field’s 
Landing, dropt 3 feet at the point where the United States pile beacon stands. It left 
the beacon landing at an angle of 45° from the southwest. 
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At Dungan’s Ferry, on the north bank of the Eel River, the ground was full of fissures. 
Every bar on the river had been opened by fissures, and the gravel toppled over leaving 
big ditches, some 6 feet deep and over 500 feet long. Coming up on the mainland the 
road had dropt about 2 feet in one place and was full of small fissures. A 40-acrc field 
was entirely ruined. It was heavily fissured, having dropt down in strips from 2 to 6 
feet wide, from 4 to 6 feet deep, and from 5 to 500 feet long, the fissures pointing between 
south and southwest. Ail the fields were full of quicksand volcanoes, some 1 to 3 cubic 
yards in size. They were perfect miniature volcanoes, every one having a crater. It is 
said they extended 30 miles up the river. 

In Fcmdale not a chimney was standing and every brick building was tom to pieces. 
The shock threw two wooden houses sideways. All the plate-glass windows were snlashcd. 

Near the False Cape it threw the old hill, on which the Oil Creek coast road ran, out 
into the ocean for 0.5 mile. It is estimaf ed that 200 acres were thrown into the ocean. 
Quite a number of cattle wont with the hill. The slide is said to have obscured the view 
of Cape Mendocino light from Trinidad heads. 

In Petrolia the shock threw every house off its foundation; in the mountains it opened 
great fissures, ruining many acres of good grazing land. It is said that the McKee ranch, 
near Shelter Cove, is entirely ruined by fissures. About G miles below the mouth of the 
Mattole River, at what is called Sea Lion Gulch, the mountains pitched together, entirely 
obliterating this dangerous place. 

The amount of damage thru the county will not exceed $100,000. In the forests 
thousands of cords of redwood limbs are strewn over the ground and many of the trees 
were twisted off and hurkid to the earth. A friend of mine living within 200 yards of a 
large body of redwood at Pepperwood, near Eel River, was in the field when the shock 
came. It lookt to him as if the tops of the trees were almost touching the ground when - 
they were swaying back and forth. It made him quite dizzy to watch the trees. Limbs 
came crashing down everywhere, intermingled with an occasional terrible crash telling of 
the fall of one of the giants of the woods. 

Frenhnater, Humboldt ('ounty. To the east of Eureka. Population 150. — The shock 
is d<H?crilx)d by Mr. S. E. Shinn as lu'avicr than the one ho (ixporienced in San Franci.sco 
in 1868. Not a ehimney was left whole in the town or valley, and glasswan; in hoases 
was generally brokem. The first part of the (}uakn was from east or a little south of east 
to a little north of west ; then carno the big wave, like; waves of the ocean. The orchard 
was lifted lx?tween 2 and 3 fend, as if by a big breaker coming in. At the same time he 
thought the house would come down; then it .seemed to give a lurch and throw the chim- 
ney straight north, some of the bricks going 1.5 feet from the porch. He could not keep 
his feet except by hanging on the door knob, after being thrown back and forth. 

Alexander Ccrur states that most of the chimneys in Freshwater were thrown northeast. 
About half of the chimneys were thrown and the rest w(tc all more or less shattered. 
Some were twLsted from east to west and one was turned halfway around but did not 
fall. The town is at the foot of a hill m^ar a small stream, and is built on gravel having 
a depth of about 6 feet. 

Femdale, Humboldt County. Population 850. — This town, on the south side of the 
flood plain of the Eel River, appears to have l)een the rao.st severely shaken place in 
Humboldt County. It is the largest town in the county south of Eureka, and is about 
2.5 miles from the Eel River, as it now flows thni its fltK)d-plain, 0.5 mile from Salt River, 
a tributary of the Eel, and 9 miles from the ocean where the ^1 River empties therein. 
The valley to the north of Ferndale, and extending east and west from it, is underlain 
by alluvium of probably considerable depth. It is very low and subject to floods almost 
every winter. South of the town are rather abrupt slopes rising to the summit of the 
ridge which ends in Cape Mendocino. These slopes are underlain by soft sandstones of 
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Pliocene (Merced) age, dipping uniformly northeiiy toward the valley of the Eel 
River.* 

Mr. A. W. Blackburn, of Femdale, writing May 2, 1906, contributes the following 
statement regarding the effect of the shock in that town: 

There is general agreement here that the principal direction of the earthquake waves was 
from southwest to northeast. The main street of the city runs about southwest and the 
tremor swayed the houses and business buildings from southwest to northeast, breaking 
over two-thirds of the plate glass windows facing the street, while windows on the sides 
of the buildings did not suffer nearly so much. One 3-story frame building was caused to 
lean at an angle of at least 5° from the vertical. Most of the chimneys fell, not one in ten 
standing, and those that did st^nd were rendered insecure for the most part. They generally 
fell either toward the southwest or northeast, where the roofs slanted in those directions. 
Those who claim to have been out-of-doors when the shock came state that the earth rose 
and fell in great waves like those of the sea. 

The only two brick buildings in town, both of which were one story, with a gable in front 
raised above the flat roof, h^ these square gables thrown forward into the street. One 
was a new building just finished this winter, and its walls were completely ruined, being 
cracked and loosened. Several buildings were lifted from their foundations, but for the 
most part the frame buildings were simply swayed out of plumb. Accompan}ring the quake 
was a rumbling, roaring sound. The tremor was short and jerky at its point of maximum 
intensity. 

Prof. A. S. Eakle, who visited Humboldt (bounty at a later date, corroborates the 
statements just quoted. He says: 

At Femdale the greatest amount of destruction in the county took place. According 
to Mr. Joseph Shaw and others of the town, the shock came from the southwest and the 
general direction of the fall of chimneys bears out this statement. There are 2 brick stores 
in the place, both of which had their upper portions thrown off. Some chimneys were 
thrown eastward a distance of 15 feet. Several of the frame houses were knocked out of 
plumb, but only one was moved entirely off its foundations, tho a slipping of a few inches 
was common. The main street runs northeast-southwest, and the stores on both sides had 
their plate glass windows demolished. (See plate 66a.) There were no cracks nor sinking 
of the land in the town and the damage was wholly due to the rocking of the houses. As 
most of the stores had large glass windows in front, the upper stories were weakly sup- 
ported from lack of bracing, and this was primarily the cause of their bending out of plumb. 
Very few frame residences were seriously damaged. It was reported that a brick failing 
from the chimney of one house was thrown into the bedroom of the same house thru the 
upper half of one of the windows under the eaves. This illustrates the intensity of the rock- 
ing motion to which the structures were subjected. 

On the flood plain of the Eel River to the north of Femdale, Professor Eakle reports 
that the ground was cracked for a distance of 0.25 mile on the west bank of the river. 
The cracks were in close vicinity to the river, and seemed to be on the line of an old chan- 
nel. A series of parallel cracks, some having a vertical displacement of 2 feet, the surface 
being uplifted and deprest, followed the trend of the river and were evidently local in 
the soft alluvium. At the time of the earthquake water and sand spouted up in several 
places thru openings which were in some cases 4 inches wide. Mr. Blackburn reports 
that this water remained on the surface of the fields for some time after the earthquake. 
In this same connection, Mr. J. A. Shaw reports that “a field on a high bar near the 
Eel River was literally shaken to pieces, and water filled with quicksand was ejected 
several feet high. The rents run from north and south in a curve to cast and west. Some 
parts are actually cut into squares. The jump vertically will reach 2.5 feet. There 
were no such large rents thru the valley generally, as the upper soil rests on a clay foun- 
dation which seemed to stand it all right.” 

‘ For a geological section at this point sec The Gcomorphogeny of the Coast of Northern California, 
by Andrew C. Lawson. Bull. Dept. Geol., Univ. Cal., vol. 1, No. 8, p. 256. 
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Regarding other parts of the valley, Mr. Blackburn reports that all the other towns 
bordering on Eel River Valley suffered less than Femdale. Loleta, on the northeastern 
edge of the valley, partly up Table Bluff, did not suffer severely. Fortune, northeast- 
east of Femdale, suffered less than Femdale, tho only 6 miles distant; other towns up 
the Valley suffered still less. At Grizzly, population 70, 5 miles east of Femdale, chim- 
neys were thrown to the ground and crockery in the houses smashed, according to Mr. 
A. C. Matheson. 

To the west of Femdale, on the coast about 0.5 mile south of Oil Creek, a large landslide 
was caused by the earthquake and is described in the following note by Professor Eakle ; 
“A section of the coast roughly estimated as one-third of a mile in length slipt on a 
75’’ plane into the ocean, forming a point of land extending 100 yards or more into the 
sea. The slide destroyed a portion of the coast road which ran along the edge of the 
cliffs. The coast cliffs consist of Merced sandstone, dipping 45° to the north, and there 
is evidence that landslides have been quite frequent here in the past.” 

Cape Mendocino Light Station (R. Jensen). — The shock traveled from southeast to 
northwest. The light-tower and house were heavily shaken. The brick foundations 
and water cisterns, as well as the concrete in the yard, were broken. 

Petrolia, Humboldt County. Population 200. (A. S. Eakle.) — Practically every house 

was thrown off its foundations. A moderate shock, however, could do much damage 
to the town, owing to its situation and the way the houses were constructed. The houses 
arc built on the soft bottom land of the Mattole River, several of them within a few feet 
of the river, and their supports are simply blocks of wood, stone, or concrete resting on 
the surface of the ground. In the shake-up the blocks under the houses were unequally 
rocked and some became overturned, causing the houses to slip. The movement was in 
general east and west. Cracking of the land occurred along the edge of the river in close 
proximity to the hotel, which was quite badly damaged. Two houses on a terrace about 
2f) feet high, on the right bank of the river, were not injured as much as those below. 

A note from Mr. Blackburn regarding this same town says that the only place which 
is reported to have suffered relatively more than Femdale is the little town of Petrolia, 
on the Mattole River; there frame houses were movwl from their foimdations and even 
fell completely; the earth cracked very much and made wide fissures; many slides 
occurred and the shock was heavier. The general direction of the shock was from the 
southwest. The valley along the Mattole River is very narrow and the mountains are 
higher than near Femdale. 

From Petrolia to Shelter Cove we have the following note by Professor Eakle as to 
the destructive effects of the earthquake; 

About 10 miles up the river at Upper Mattole, the ranch house of Mr. Roscoe was moved 
about 2 inches westerly and the chimney destroyed. At the town of Briceland, on the south 
fork of the Mattole River, the shock was severe but considerably less intense than at Petrolia. 
The store moved westward one inch and the stock was thrown from the shelves. Damage 
to the town was slight, and at Garberville, farther east, it was still less. From Briceland to 
Shelter Cove by stage road there are but two houses and these had their chimneys thrown off, 
but nothing more serious. No cracking of the land occurred except in the vicinity of the 
Cove. The buildings at Notley’s, within 1 mile of the fault on the west side, suffered no 
damage. Even a terra-cotta chimney was not overthrown, altho it was knocked awry. 
Some of the furniture was displaced and some of the goods in the store were scattered about. 

On the stage road between Eureka and Sherwood, Professor Eakle reports that the 
shock was sufficiently severe to throw some chinmeys at the various very small settlements 
along the road, and that the general movement of the vibration in this section was re- 
ported to be easterly and westerly. The town of Fortuna suffered most. 

Fortuna, Humboldt County. Population 1,100. (D. L. Thornberry.) — Many windows 
in stores were broken and the stocks of merchandise on the shelves were thrown down. 
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Drug stores suffered most in this respect, and bottles fell principally from the west side. 
Over half the chimneys in the town were thrown down. Several houses moved from 
1 to 3 inches off their foundations. The river water swashed up on the banks. Fortuna 
is partly on the river bottom and partly on the hill slopes above, the Eel River being to 
the west of the town. 

Peppenoood, HunAMt County (J. F. Helms). — In the stores and saloons 10 per cent 
of the property was destroyed by breakage, but on the farms of the neighborhood the 
damage was mostly confined to the throw of chimneys. 

Briceland, Humboldt County. Population 150. (J. W. Bowden.) — The village suffered 
damage to the extent of 11,500 due to the breaking of chimneys, water and gas pipes, 
household furniture, etc. The village is on sloping ground on the creek bottom, the 
latter being in solid sandstone and shale, with the bedrock near the surface generally. 
One 2-story building 30 X 80 feet, standing cast and west on a concrete foundation, 
was moved north 3 inches on the west end and south 5 inches on the cast end. 

On the east bank of the main Eel River, to the east of Laytonville (A. S. Eakle), the 
ground was cracked for a distance of 300 yards, the trend of the crack foUowing the 
course of the river. The crack was merely local in the alluvial bank of the stream, per- 
haps 100 yards from the water. A long bridge crossing the stream at this place showed 
no effects of the shock and the few houses in the vicinity were not damaged in the least. 
Further east, at Covelo, the shock was not violent. 

Thom. — Dishes were shaken from shelves in houses. 

NORTHERN MENDOCINO COUNTY 

Bt E. S. Larskn. 

In the territory from Liaytonville to Covelo, and northerly to the boundaiy of Trinity 
and Mendocino Counties, the shock was sufficiently severe to awaken nearly all sleepers, 
to throw milk from pans, and to jar a few things from shelves, but not severe enough to 
do any damage to buildings. No chimney was reported as damaged. Most of the chim- 
neys are of rough stone, tho a few are of brick. Some plate glass was broken in one of 
the stores at Covelo, but the building was in course of construction and the windows 
were temporarily and insecurely put in place. A large proportion of the residents claim 
to have heard a roar just preceding the earthquake shock, and several report the shock 
as beginning with a slow east and west motion, and ending with quick severe jerks. A 
man riding in the hills at the time did not notice the shock, but his horse stumbled 
repeatedly without apparent cause. 

There were a great many earth cracks formed in the Round Valley region. Some were 
examined, but many had been obscured by the winter rains, while others were not visited 
on account of the heavy rain which set in and made it impossible to cross the streams or 
get about in the hills. About 20 miles north of Covelo, about section 2. township 24 N. 
range 14 W., on the Horse Ranch, and about 700 feet above the north fork of the Eel 
River, is a crack about 40 feet across and 600 feet long. At the southeast end a ridge of 
massive sandstone makes that part of the terrace somewhat wider. At either end are 
small gullies. At the back, to the northeast, a rather steep hill of sandstone rises abruptly 
from the terrace. Below, to the southwest, the terrace ends in a steep slope which shows 
evidence of repeated sliding and has several springs near its base. There are no trees 
on this slope, but the hill back of the terrace is covered with trees and there are some 
trees on the terrace, mostly on the hill side of the crack, altho several oaks 8 inches in 
diameter are on the side toward the river. The main c^k is about 400 feet long. It 
is indistinct and disconnected at the northwest end, but gradually becomes more 
prominent till it reaches a point just beyond the center where the river, or southwest side, 
is 6 inches higher than the hillside, and there is an open gap of about 8 inches. It then 
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begins to die out and upon reaching the sandstone ridge turns about the edge of the 
ridge and continues about 100 feet more in the shape of irregular cracks along the ridge. 

The rocks about this crack are probably all Franciscan. The sandstone extends for 
some distance in all directions and is usually shown only by fragments. Cherts, ser- 
pentines, and schists occur a short distance above and seem to be closely associated with 
the sandistones. The strike seems to be northwest and the dip quite steep to the north- 
east. No evidence of faulting was found, but the few outcrops showed little structure. 
The hills for a considerable distance on all sides of this crack are covered with old slides. 
Careful examination and enquiry revealed no extennon of the crack in either direction. 

The extension should pass fairly close to the road fibm Covelo, but none of the 
ranchers along the road knew of any cracks in the hills until Dobbins’ place was reached, 
10 miles southwest, on section 14, township 23 N., range 13 W. Here a crack 600 feet 
long, trending N. 25° W., occurs on a bench 150 feet wide, made up of soft alluvium 
gravel, etc., bounded on the northeast by a steep hill of serpentine; on the southwest by 
a steep slope to the creek 200 feet below, and on the northwest and southeast by bedrock 
ridges. The crack occurs near the outer edge of the bench and the creek (southwest) 
side is a few inches higher than the hill side. It docs not continue into the hard rocks 
at either end. Between the creek and the hUl the ground is soft, miry, and full of springs, 
while at the edge of the hill irregular cracks arc sometimes seen, showing that the muddy 
flat had likewbe settled relative to the hill and indicating that the soft central area had 
settled relative to the hard, dry slope toward the creek and the bedrock of the hill. The 
crack runs under the cabin where there was the greatest movement, but tho the cabin 
is on four pegs, it was not disturbed. 

In the ateence of a map it may be stated that this crack lines up very well with the 
one mentioned above and that the upthrow (?) is on the southeast in both cases. Both 
are in soft material and both are parallel to the streams. Moreover, the road and a ma- 
jority of the ranch houses are roughly in this line, and cracks off this line would be more 
likely to escape detection. No cracks were found between Dobbins and Dovelo. Several 
cracks were reported crossing the road from Covelo to Laytonville near the top of the hill 
to the north of Middle Eel River. They are said to continue at irregular intervals for 
a mile or more to the north or slightly north of west. They generally trend north to 
northwest, but vary considerably. 

One mile farther west toward the Eel River, a crack crost the Mad toward the north. 
There is a strip of soft sandstones and shales thru here resembling that found at the 
Horse Ranch and striking to the northwest. In this strip numerous cracks were found, 
often trending northwest but varying considerably. Four of these cracks were visible, 
but others could not be found as the rains had healed them. It was said that the down- 
hill or southwest side was sometimes higher than the northeast side. Only one of these 
cracks could be ascribed to a slide. The other three mi^t very well have been due to 
the shock. Just north of W. Geforth’s house is a crack 1,000 feet long, trending N. 55° E., 
and following roughly a low ridge running out from the main hills. It cuts almost at 
right angles to the mun hills and is in soft material which has little slope. It could hardly 
be an ordinary slide. 

On the top of the ridge, where the soft streak crosses the hills at an elevation of about 
1,000 feet ateve the river, is a crack about 50 feet long just below a low sandstone knob, 
trending northwest partly across the draw at a considerable angle with the crest of the 
hills. It is irregular and shows no displacement of any kind. It could hardly be a slide. 

Still farther north, just beyond E. ^vire’s house and about 5 miles fMm Robbins, is 
another crack trending northeast. It is pMbably a slide. Mr. Gevire stated that there 
were several slides in the hills on all sides of his house, but no other cracks were reported 
to the north. To the south the cracks extended to the river, but none were known south 
of the river. 
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About a mile farther west, at Poon Kenney, several more short cracks were reported 
trending northerly but varying in direction, and not connecting along their trend, but 
I could not find any of these. About 6 miles north of the bridge on the Eel River, at a 
sheep camp called Hole-in-the-Ground, there are said to be a great many cracks run- 
ning in various directions, but I did not visit them. On the whole, I believe that these 
cracks were all due to the earthquake, but that they are nothing more than surface 
cracks due to the jar. They occur only in the soft strips of weathered sandstone and 
where they seem to be related in trend they also seem to follow the strike of the rocks. 

SHELTER COVE TO ALDER CREEK. 

The intensity of the earthquake shock near the coast of Mendocino County, between 
Shelter Cove and the mouth of Alder Creek, is of peculiar interest, since along this portion 
of the coast the fault line is offshore at an unknown distance and has an unknown course, 
except in so far as can be indirectly inferred. One of the most im|X)rtant factors in the 
problem of determining the probable distance offshore at which the fault line traverses 
the floor of the Pacific is the intensity of the shock as experienced at points along the 
coast. Fortunately we have satisfactory information on this point. 

Monroe, Mendocino County (D. Beseckcr). — About 90 per eesnt of all brick chimneys 
were thrown down. In houses with shelves and cupboards arranged oast and west, .W 
per cent of all dishes and glassware was broken. Stores with shelving running the same 
way had all goods thrown off the shelves. Many buildings of light frame construction 
were moved from their foundations. This place is in the heart of the groat redwood 
forests, where trees attain a height of 300 feet or more. These tall trees suffered more 
from broken tops than anything else; few if any sound trees were entirely uprooted. 
The trees swayed to and fro for fully 10 minutes after the shock. The direction of the 
motion was north and south. Fissures opened in the mountain sides, and during the 
present winter (March, 1907) many large landslides have resulted from these openings. 

Hardy (Alice Kingsbury). — My chimney was thrown down. Many dishes in sur- 
rounding houses were broken. My piano was moved 8 inches from the wall. The earth 
was cracked, both upon the mountains and near the creek, where the earth was broken 
away from the banks. The logging railway in the woods was somewhat damaged. The 
walls around the boilers in the lumber mM were cracked. 

Westport (M. M. Bates). — All but one of the chimneys in town were shaken down. 
I^arge tanks that were on the ground were destroyed, but those btiilt on framework were 
not damage<l. Large cracks were made in the ground, and after the heavy rains of this 
winter (March, 1907), large landslides occurred. Goods were thrown off shelves in the 
store. (The town is (luite near the ocean on a wave-cut terrace underlain by rock.) 

Inglenook, Mendocino County (E. Pitts). — Not a (diimney was left standing, nor were 
dishes enough left to eat breakfast on. The town is Iwtwcicn the ocean and a belt of 
timlxir. Much of the timlnir fell, owing to the violence of the shock. On tin; banks of 
a small lake in the sandhills iK^twcusn the town and the ocean, some alders and willows 
fell owing to a slumping of the banks. 

Cleone, Mendocino Courdy. — Most of the chimneys in the place are terra-cotta. All 
the brick ones fell. About .f200 worth of breakable goods in a gen(!ral merchandise 
store was totally destroyed, and about $.300 to $400 damage was done to the wharf and 
railroad tracks. All sway-braces on the wharf had to be replaced, and the railroad 
track was buckled in many places. The bridge across the lagoon sank 3 feet in some 
places, and was thrown out of line laterally, all the piling supporting the bridge being 
li.sted to the south. 

Branscomb, Mendocino Courdy (J. M. Branscomb). — Of about 15 chimneys in the 
vicinity, 2 were shaken down. 
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Fort Bragg ^ Mendocino County. Population 1,600. (F. E. Matthes.) — The town of 

Fort Bragg suffered quite severely, and the indications are that the intensity of the shock 
was considerably greater than in the towns immediately to the south. Several brick 
buildings were completely demolished; others had parts of their walls broken off. Even 
a number of wooden buildings collapsed or were partly wrecked. Fire broke out and 
devastated 1^ blocks before it could be controlled. The water mains were disconnected 
and the entire town might have been wiped out but for the timely assistance of the 
steamer Higgins in the harbor. The mill lost its iron smoke-stack, and was temporarily 
crippled. In all, the damage thru fire and earthquake is estimated at $100,000. (See 
plates 66b and 67a, b.) 

The following more detailed account of the effects of the shock at Fort Bragg is sup- 
plied by Mr. 0. F. Barth, principal of the Fort Bragg Union High School : 

The first shock had an oscillatory motion. A temblor was felt about 2 hours later, and 
from 1 to 3 temblors have been felt at irregular intervals nearly every day since. 

The direction of the wave of the heavy shock appears to have been toward north by east. 
The principal fact that justifies this statement is that the monuments in the cemetery, with 
but two exceptions, fell from their bases south by west. A second reason is that a cylinder 
printing press weighing not less than 5 tons moved about 3 inches south and 2 inches west 
upon a level floor. The part of the building containing the press has been finished only a 
few months, has a strong wooden beam foundation, and was not moved out of position. 
About a block away a safe in such a position that it could not move in the direction of its 
rollers, north to south or the opposite, was thrown off its blocks westward 3 or 4 inches. At 
the high-school building (temporary quarters, not moved at all) , a large case about 2x4x7 
feet, full of apparatus and instruments used in physics, mov^ (rolled out) toward south 
by west, but nothing was upset within. This case stood close to a central partition on the 
north side of a south room on the second floor. Chemicals on open case shelving on the 
outside (south) wall of said room were nearly all thrown to the floor. 

At Noyo, 1.5 miles from the center of Fort Bragg, a store 1 -story high, having but a 
floor space of several rooms, perhaps 50 x 60 feet, on underpinning averaging 3 feet high, 
moved about 22 inches west and nearly as much south. This store stands within 100 feet 
of the Noyo River. At Fort Bragg most chimneys were broken off at the roof and most of 
them fell southward, but in a few cases they scattered around the shaft. Those built up 
from the ground, as a rule, fared worse. The large smoke stack at the saw-mill fell south by 
west. The brick foundation of a battery of boilers placed north and south was shaken down ; 
another battery close by, facing east and west, was not affected. A large engine with a 
well-built brick base did not move, nor did the base, nor did the latter crack. 

In my house and in several others, dishes on east shelves fell to the floor, while those on 
shelves on the other sides were less affected, those on the south hardly at all. The south 
shelves of two jewelry stores fared differently, all the small alarm and other light clocks 
falling out. In a drug store, one block north of said jewelry store, the north and east shelves 
suffer^ most, the north the more; but this may have been due to the difference in the 
bottles and packages, and to the additional jar of a falling brick building. 

Several 2-8tory wooden store buildings facing west were thrown to an angle southward, 
the base remaining on the foundation, and the second 'floor moving from 0 to 20 or more 
inches. The upper story in most of these remained plumb. Eight brick buildings were 
shaken to the ground; two are being taken down. A new brick 1 -story bank building is 
badly cracked, and only one brick building, 1 -story, is intact. Of the eight, three were 
2-story buildings. Many residences were moved, a few as much as 20 inches. Both 
1-stoiy and 2-story square built wooden buildings held their own well, except for their 
chimneys. The four wooden church buildings facing west, and the one facing south, are 
intact, save chimneys. 

One man walking on the street was thrown down. He is positive the wave traveled south- 
west, the ground undulations being 2 and 3 feet high. Another lookt out of his door toward 
town, facing southwest. He says the wave traveled in that direction and a roar accom- 
panied it, appearing to go farther that way each second. 

At the cemetery, one four-piece monument dropt its top piece to the north by east, and 
the next two pieces as in other cases. The flat or ordinary grave-stones facing east are all 
intact. 
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In the press-room referred to, a bond fire extinguisher was apparently thrown or whirled 
from a southeast corner shelf out near the center of the room, and right side up. This would 
bear out the idea of a twist or double movement contraclockwise, apparently experienced 
by several people, myself included. 

There are a number of fissures in the mud flats in and near the Noyo Ilivcr and Puddin 
Creek. The boys say there are cracks in the streams. There are cracks in the less solid 
rocks along the ocean shore line. 

(Eri Higgins.) — My house faces west. The cast part was moved 6 inches south, 
breaking water and sewer connections. The west end of the house did not move. Groods 
on shelves were thrown from the north side, but not from the south sid(5. All brick build- 
ings in town went down except two, and these were damagcul. 

The above facts indicate that the destructive effects were as severe at Fort Bragg as 
at any other point within the zone of high intensities, but it is necessary to know some- 
thing of the situation of the town. Experience elsewhere in the zone of destructive effects 
has shown that much damage may be caused to buildings even at considerable distance 
from the locus of disturbance, if they are ui)on soft alluvial bottoms. An inquiry was 
accordingly directed to Mr. Barth as to the situation of the town and its underlying for- 
mations. In response to this inquiry, Mr. Barth replies as follows: 

Fort Bragg is mostly on the first terrace. The bluffs rise about 40 to 50 feet above the 
sea. Then the terrace has a gentle slope thru the town up to the second terrace (a rise of 
60 to 75 feet above cliffs), which begins about where the built-up part ends. There is no 
distinct line of division, but a more rapid rise for a few hundred feet marks the second terrace. 
It is about 0.25 mile on an average from the bluffs to where the town really begins, ^.c. 
going eastward; and the town has a width of a little more than 0.25 mile, from here to the 
second terrace, still going eastward. The sea-cliffs are rough, rocky, perpendicular walls, or 
nearly that, for several miles, with many bold, rocky, tooth-like sea-worn isles skirting them. 

About half a mile north of town, Puddin Creek, and about a mile south of town the Noyo 
River, have cut their way thru rather deep canyons to the sea. While the volume of water 
in the latter is larger, the narrow valleys of the two do not differ much. Narrow strips of 
tillable land skirt them. The two almost meet about 3 miles east of the bluffs, where there 
is a narrow divide and where the third terrace appears to begin. There is a gradual rise 
from the second to the third terrace. 

The surface soil upon which Fort Bragg is built consists of a sandy loam, rather sandy 
and yet pretty firm. The laying of sewer pipes 4 to 6 feet deep reveals more sand below, 
of a dark yellow color. At the bluffs or cliffs there is from 10 to 15 feet of soil. At one 
point where the second terrace begins (here Puddin Creek curves in close to town), solid 
rock comes close to the surface. 

A well about 500 or 600 feet north of the business center reached rock at 30 feet. One 
of the brick buildings, a 3-story hotel which was so badly injured that it had to be taken 
down, stood about 100 feet from this well. Another well, 0.25 mile north of the business 
center, obtained water in sand at a depth of 22 feet without reaching rock. 

The town is comparatively level from north to south, except for a small valley — hardly 
that — a 0.25 mile wide vale, running down thru the mill yards to the sea at the point where 
the harbor indents the coast. 

It is clear from this description that the town of Fort Bragg is on a well-defined wave- 
cut terrace carved out of the hard sandstones which prevail along this part of the coast, 
and that the terrace is mantled with Quaternary marine sands varying in thickness 
from 10 or 15 feet at the brink of the present sea-cliffs to 30 feet in otlKjr parts, and 
tapering to nothing at the rear of the terrace. It therefore seems to be a fair inference 
that the destruction experienced at Fort Bragg is not due, except to a very limited 
extent, to those causes which work exceptional damage in tlui water-saturated alluvial 
bottoms; but that it is referable to the high intensity of the shock, thereby implying 
proximity of the town to the fault. 

(W. T. Fitch.) — There were several small cracks across the roads a few miles south 
of Fort Bragg; and back in the hills there were more and larger ones. In the bed of 
the Ten-Mile River, 10 miles north of Fort Bragg, where level surfaces occurred before. 
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there were noted after the earthquake funnel-shaped depressions resembling extinct 
volcanoes in miniature. These were only a few feet in diameter. 

At Glenblair, 5 miles east of Fort Bragg, tire intensity of the shock appears to have 
greatly diminished. The place is on a creek bank, between high hills. Mr. A. P. Scott 
reports that the saw mill was slightly damaged and that the store goods were thrown 
from north and south walls. 

Caspar, Mendocino County. Population 300. (F. E. Matthes.) — The shock was 

apparently not so severe. Most of the wooden houses showed no damage. Even the 
large brick store of the lumber company appeared little affected. It was probably well 
built and sustained only a few cracks of little importance. All chimneys were broken 
without exception. The bridge over Caspar River is a total wreck, but it appears to 
have been a weak structure to begin with. 

Mendocino, Mendocino County. Population 900. (F. E. Matthes.) — This town, like 
Fort Bragg, is on the first of a series of wave-cut terraces which score the coastal slope. 
The present sea-cliffs at the lower margin of this terrace vary from 30 to 100 feet in height. 
The terrace is veneered with Quaternary marine sands which are in part so compacted 
and coherent that they may be designated sandstones. The town shows but little damage. 
Only one large frame building, the Occidental Hotel, was wrecked thru the giving way 
of its underpinning. Few chimneys escaped destruction. Plaster fell in quantities in 
some dwellings, while others suffered but little in this respect. Only one out of a con- 
siderable number of water-tanks was wrecked. In the river l)ottom adjoining the town 
the de.structive effect was notably greater. The lumber mill of the Mendocino Lumber 
Company was the chief sufferer. It lost its tall smokestack, and in addition had its 
large fly-wheel in the engine-room broken by the shock. This fly-wheel was oriented 
almost east and west on a north and south axis. According to the engineer, it was not 
in motion at the time of the quake. The oscillations of its exceedingly heavy rim caused 
the fracturing of the spokes in the two upper quadrants. The fragments were still visible 
in the mill yard. 

The bridge over the Big River was also severely damaged, a short span in the long 
approach on the north side collapsing entirely. The structure had been repaired at the 
time of the visit. 

(0. H. Ritter.) — Vibrations at Mendocino seemed to be oscillatory, moving north 
and south. I remember the feeling clearly, for my bed extends north and south, and 
moved in a straight line north. The high-school building was moved on its foundations 
about 2 inches north, and a 3,000-pound safe in town rolled north 3 to 4 inches. The 
wing of Occidental Hotel which extends east and west collapsed; while the wing 
extending north and south remained standing, altho the foundation braces were thrown 
slightly out of plumb in a north and south direction. It is very clear here that the vibra- 
tions were north and south. The day after the shock there were numerous cracks in 
the ground. Chimneys seem to have fallen north and south, generally south ; numerous 
slides on the cliffs took place, some very large. The road between Point Arena and 
Mendocino was cut off by numerous slides (re{)ort of tourist). The bridge across Big 
River, extending north and south, collapsed. The fall of the span was due to the shift- 
ing north of the piles on the north side of the river, thus allowing one end to drop. 

(William Mullen.) — The sliock at Memlocino began with a tremulous motion, increasing 
very quickly and decreasing also quickly. The principal disturbance was strongest 
toward the end. The motion seemed to be up and down, and also from north to south. 
Chimneys fell mostly to the north, while tombstones fell to the north, south, and east. 
It lasted about 40 seconds. Beds were moved from 3 to 5 feet and pianos to the same 
extent. Pictures han^ng on walls showed marks of having swung 8 inches. A rumbling 
sound like distant thunder preceded the shake, and was loud(‘s< it the commencement of 
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the movement. During the shake animals became greatly excited; horses and cattle 
ran about. Water in some wells became muddy and frothy. 

Navarro, Mendocino County (F. E. Matthes). — This town is an abandoned one, and 
the conspicuousness of its damage may perhaps in large measure be attributed to the 
neglected state of its buildings. Nearly every house, except for the few still occupied, 
suffered partial collapse of its underpinning, so that from whatever point the town be 
viewed, it presents the same remarkable jumble of leaning, half-ruined houses. Its 
location on the flat, alluvial bottom next the river probably contributed to the severity 
of the damage. In fact, of the entire series of villages and towns visited on this section 
of the coast, this is the only one that stands on alluvial ground; all the others are built 
on firm rock terraces. The great wooden bridge at Navarro showed no damage whatever. 

Greenwood, Mendocino County (F. E. Matthes). — Weak underpinning caused the partial 
collapse of several frame houses. Chimneys had fallen without exception. Plaster fell 
in the lower stories of the few houses containing plaster. The lumber mill was not 
damaged. Windows were broken in the hotel. If the fault line be produced northward 
with the last bearing observed, N. 28“ W., it will be found to pass a^ut 2.5 miles to .the 
west of Greenwood; that is, nearly the same distance which separates Point Arena 
(i.e. the town of that name) from the fault. Yet the destructive force seems to have 
been a little less effective here than at Point Arena. 

Albion and Little River, Mendocino County. — These two small settlements to the north 
of Navarro are compared by Mr. Matthes with Greenwood. He states that the damage 
at Albion was on a par with that at Greenwood. Only a few of the weaker wooden houses 
were crippled by the partial collapse of their underpinning. The bridge suffered but 
little damage. At Little River the intensity of the shock seems to have been less than 
at Albion or Greenwood. 

Mr. James Coyle, of Albion, reports that he was on a hillside at an altitude of about 
500 feet. He heard a roaring noise similar to a heavy fall of hail coming from the ocean 
to the west. The earth shook back and forth. He was thrown violently to the ground, 
as were also several cattle and horses that were grazing near. Large rocks were seemingly 
squeezed out of the hillside and rolled into the river. The trees were shaken northwest 
and southeast. He noticed only one maximum of intensity. Many houses and bridges 
were thrown down, chimnejrs all fell, and large landslides blocked the roads. 

Bridgeport, Mendocino County. — An extensive landslide came down into the culti- 
vated fields on the flat, wave-cut terrace east of the road. 

ALDER CREEK TO FORT ROSS. 

Manchester, Mendocino County. — Population 75. Nearly all the information that 
we have regarding the intensity of the earthquake shock for the coastal strip between 
the mouth of Alder Creek, where the fault enters the shore from the Pacific, and the point 
near Fort Ross, where it again leaves the shore, is contained in a report by Mr. F. E. 
Matthes. This is, however, supplemented by notes by Mr. W. W. Ffurbanks, of Point 
Arena, for the phenomena observed in the vicinity of that town and by other observers 
in the vicinity of Fort Ross. In the following pages the statements regarding this ter- 
ritory will be understood to be extracts from Mr. Matthes’ report, unless otherwise stated : 

Manchester, a small settlement with a population of less than 100, only three-quarters 
of a mile west of the fault, was severely shaken, yet none of the frame houses in the village 
itself was badly damaged. A number of them slipt on their foundations, a notable case 
being that of W. W. Fairbanks’ dwelling, which was twisted off its concrete supports, so 
that one of its comers was found 4 feet from its original place. The rotation was right 
handed. East of Manchester several farms were visited which were directly on the line 
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of the fault. A large bam at E. E. Fitch’s ranch, thru which the fault past, was practically 
demolished. The animals in the barn fortunately escaped uninjured. 

At Antrim’s ranch, on Alder Creek, a tall shed stands on the line. It threatens to fall, 
but was still up at the time of the visit (May 10, 1906). 

The wagon bridge over Alder Creek (plate 32 b), which stood astride of the fault, is a com- 
plete wreck. The timbers broke in many places, and the tension rods were twisted and in 
some cases actually ruptured. 

Along the Garcia River, the flumes of the L. K. White Lumber Company were reduced 
to kindling over long distances. Where they crost the river, suspended from steel cables, 
the end supports of the latter failed and let the flume drop down to the river-bed. 

Farther up, between the lumber camp and Hutton’s ranch, extensive landslides occurred, 
chiefly on the east side, wiping out the wagon road which wal^ graded along the mountain 
slopes. Immediately north of Hutton’s ranch, a large landslide plowed into a grain field, 
producing a series of billowy wrinkles in the soft alluvial material. The outermost ridge has 
a steep front about 8 feet high and seems to have been thrust horizontally over the level sur- 
face of the field. The frontage of the slide is fully 400 feet. Hutton’s ranch-houses were all so 
badly damaged as to become uninhabitable; they are practically wrecked, tho still standing. 

Reports from Hot Springs, east of the Garcia, seem to indicate that the buildings there 
suffered but slight damage. The springs themselves had not been affected by the shock. 

From Alder Creek to Irish Gulch, and for a short distance north, rock slides are a common 
feature and cracks in the ground, frequently traversing the stage road, due to the slipping 
and settling of large masses on the steep hillsides, are too numerous to be reported in detail. 
On both sides of Irish Gulch the road was obstructed by slides which had been removed at 
the time of the visit, but which threatened to recur. 

Reviewing his observations as to the intensity between Fort Bragg and Manchester, 
Mr. Matthes concludes as follows : 

The gradual decrease of the intensity as one travels northward from Manchester is to 
be expected, in view of the gradually increasing distances of the several settlements from 
the line of the fault (it being supposed that the latter continues with the bearing measured 
near Alder Creek, N. 28® W.). On this supposition the decrease in intensity should, if 
anything, become more marked from Mendocino on; but such is evidently not the case. 
While the intensity does not materially differ at Caspar, it notably increases toward Fort 
Bragg; so much so, indeed, as to suggest a gradual curving of the fault, roughly parallel 
with that section of the coast. It is to be noted that over the distance between Fort Ross 
and Manchester, some 4 miles, the azimuth of the fault-line decreases steadily from N. 46® W. 
to N. 28° W. This gives a total deflection of 18° in 48 miles. Assuming that the curvature 
continues northward at a uniform rate, there will be in the latitude of Fort Bragg, 35 miles 
farther north, a further decrease of the azimuth of nearly 13®. The fault, therefore, may 
bear only N. 15® W. in that neighborhood. Plotted on a map, the line with such a curva- 
ture appears to pass 5 miles west of Fort Bragg. 

Point Arena, Mendocino County, — Population 300. All the brick buildings in the 
place had completely collapsed (see plate 68a), and in the opinion of the residents it was 
(Iccined wisest to replace them by frame structures. All brick chimneys had fallen ; plaster 
had cracked and fallen wholesale fashion, especially on the lower floors, and many shop 
windows and smaller panes were broken. A few wooden buildings suffered from the 
collapse of their underpinning. As a result of the shock, fire started in the chemical 
laboratory of the grammar school, and that building, together with the Methodist Church 
adjoining it, burnt down. 

The Point Arena light-house, 3 miles west of the fault, was thrown out of the vertical, 
and in addition sustained several horizontal cracks thru its masonry. It has been con- 
demned as unsafe and is to be torn down. The keeper’s dwelling suffered little damage, 
one chimney showing cracks, the other appearing intact. The fog signal was not dam- 
aged. On the south side of Point Arena harbor, large masses of rock slid down to the 
beach. Small rock slides took place all along the coast in this neighborhood. A sus- 
pended flume over the Garcia River was wrecked (plate 68b) and large trees were over- 
thrown (plate 69c). 

N 
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This account by Mr. Mattlics of the effects of the earthquake in the vicinity of Point 
Arena is supplemented by the following account of the destruction effected in the same 
territory by Mr. W. W. Fairbanks, who was on the gi-ound at the time of the shock. 
His note covers the section of country from Alder Creek on the north to the town of Point 
Arena on the south, a distance of 7 mili^s, and from the coast eastward 1.5 to 2 miles. 
The note is dated May 5, 1906. 

The country described is low and flat, sloping gradually to sea. The coast from the mouth 
of Garcia River north to Alder Creek is low and flat, with sand-dunes. South of the Garcia, 
high and rocky bluffs occur, except at Point Arena Harbor, which is at the mouth of a gulch 
running east to the mountains, the town of Point Arena being on the northern slope and 
bottom of gulch. Three creek bottoms are embraced in this territory, with higher ground 
between, somewhat rolling and with outcroppings of rocky ledges underlying. 

Nearly every house in the territory described was injured, wracked, or moved more or 
less. The interior damage was severe. Stoves were thrown down and smashed into frag- 
ments. Nearly all chimneys were thrown to the east. Many wind-mill tanks were thrown 
down, those not containing water generally escaping. All church steeples stand intact, 
tho in some cases separated from the buildings. All old and flimsy buildings, barns, etc., 
escaped with least damage, many showing no injury or movement. Strong and stiff frame 
buildings suffered most. All brick buildings in the territory were thrown flat to the ground, 
except the government dwelling and light-house at Point Arena. Many frame buildings in 
Point Arena were utterly demolished. Buildings on or near rocky ledges, or buildings upon 
liigh ground with underlying rock formation, suffered the least; buildings on soft ground 
or creek-bottoms suffered most severely. 

The shock came from a southeasterly direction. A heavy roaring sound preceded the 
shock. The ground moved in undulating swells or waves, rising and falling. Men and 
animals — horses, cows, etc. — were thrown to the ground, and were unable to rise or stand 
during the shock. 

A great crack or fissure in the earth, starting from the sea-coast at the mouth of Alder 
Creek and extending in a direct line about southeast by south, termination unknown, past 
under the large wood and iron bridge over Alder Creek, throwing it into kindling wood. 
It past under the corner of the barn on Antrim’s ranch, wrecking same. It then past thru a 
potato field, and a large section of same sank about 4 feet. Farther on, it past under a water 
pond and the pond went dry, tho the water returned in a few days. It past under another 
barn, a large frame building, and utterly demolished it. All the section of country on the 
westerly side of the crack moved northwest about 8 feet. Buildings on the east side and 
near the crack suffered but little; in fact, the section west of the crack received practically 
all the damage. The crack was about 4 feet wide in places, and the ground was thrown up 
in a great ridge, as by a gigantic plow. 

In Manchester nearly every house was thrown west from 1 to 20 inches. There was one 
exception, however. A strong new frame house, 2-story, was thrown from its concretti 
foundations, the rear end swinging to the north and east 5 feet, the northwest corner acting 
as a pivot and remaining on its foundation pier. The house is built on soft ground near th j 
creek bottom, with quicksand formation underlying. The woodshed and other outbuild- 
ings on same lot were thrown and swung in the same direction, but in less degree. Another 
house, 0.5 mile due east, on the same creek-bottom, swung to east and north, showing the 
same circular motion, tho moving but a few inches. 

Point Arena light-house, erected 1870, a brick tower 110 feet high on a high, rocky point, 
is still standing but dismantled and condemned. It was broken clear thru in sections,- as 
sliown in fig. 49. It leans slightly to the north. The keeper on watch in the tower says : 

“A heavy ))low first struck the tower from the south. The blow came quick and heavy, 
ac,companicd by a heavy report. Tho tower quivered for a few seconds, went far over to 
the north, came back, and then swung north again, repeating this several times. Immedi- 
ately after came rapid and violent vibrations, rending the tower apart, the sections grinding 
and grating upon each other; while the lenses, reflectors, etc., in the lantern were shaken 
from their settings and fell in a shower upon the iron floor.” 

Iron rods, supports, railings, and brackets were bent, broken, twisted, and thrown from 
their positions, making the wreck complete. The dwelling-house, a strong brick structure 
50 feet distant, is badly cracked. Chimneys were not thrown, but one on the north was 
badly broken. The fog signal, 50 feet west of the tower, a wooden building containing heavy 
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machinery — steam-engines, etc. — was not affected in the least. A high wind-mill and 
water-tank, 0.26 mile southeast, were unaffected. I am convinced that the shock was 
comparatively slight here, owing to the solid rock formation underlying. Had it been as 
severe as at Manchester (3 miles distant), or Point Arena (4 miles distant), both tower and 
dwelling would have been thrown into ruins. 

In Point Arena all brick buildings were thrown to the ground. Main Street runs north 
and south; all stores and business buildings (wood) on the east side of the street remained 
comparatively stationary, but all windows facing west in same were smashed, even the sash 
being thrown into fragments. Interior damage was great. Buildings on the opposite 
(west) side of the street and facing cast suffered no breakage of windows, but nearly all 
moved west from a few inches to 2 feet. All chimneys were thrown east. 



Fiti. 4*.). — Crapks iu H^ht-kuusu tA>wpr, Fiiint Arena. 


Buildings lower down on t he slope as a rule suffered more, tho several wooden buildings 
high up, with underlying rock formations, were also wrecked. Nearly all buildings thruout 
the town moved west or northwest. In many cases houses drifted away and left porches 
standing in their old location. On the creek- bottoms many small cracks or fissures appear, 
thru which fine slate-colored sand has been forced to the surface, forming cones. 

Betwecjii Point Arena and Gualala there are few dwellings and litthi of atlefinite natunj 
could be ascertained by Mr. Mattlujs in his examination of that si'ction. 

At Fishrock, population 75, Mr. James F. McNamce estimates the damage at $1,000. 
The town is on a tcirrace of the coast 150 fec^t above sea-level on rocky ground. 

Gv/ilalaf Mendocino County, — The wagon bridge over the Gualala River, south of 
the town, was seriously damaged. It consists of a trussed three-span structure 500 feet 
long, with a wooden approach of similar length built on trestles 20 feet high thru tho 
swampy bottom-laii<ls on the south side. This approach collapsed completely, the 
trestles being thrown flat and carrying with them the south end of the main span. The 
latter, however, did not l(‘.ave its northern abutments and appears otherwise) undamaged. 
It is considered safe to travel over, altho the bridge floor is now steeply inclined to tlio 
south. (See plate G8c.) In the town, population 75, all chimneys broke off; plaster 
cracked in the hotel and several other Imildings; a few small dwellings were thrown off 
their underpinnings. Household articles and furniture suffered severely, most of the 
crockery and glassware in the town being destroyed. 
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A number of landslides blocked the wagon road and railroad track north of the river. 
A particularly extensive one occun'od north of the junction of the branches of the (lualala, 
burying the tracks under many tons of rock ami loose debris. 

The railroad tracks of an abandoned logging road west of the Little North Fork show 
the effects of intensive longitudinal compression. The fault itself was 100 feet east of 
and parallel to the track along the stream bed, yet the rails have in several places been 
jammed lengthwise with sufficient force to cause sharj) buckling. Stumps and cliffs on 
l)oth sides of the track prevented the wholesale lateral sliding of the ties and localized 
the motion to a shifting of the tics a few feet lengthwise here and there. The kinks were 
so sharp as to cause the rupture of both rails in one place, and of the fish-plates joining 
the rail-ends in another. The track was narrow gage, with light rails, probably not 
exceeding 30 lbs. to the yard. In all 0 sharp kinks were counted within a distance of 
about 300 feet. (Sec plates 33c, n.) 

Annapolis, Sonoma County (Cl. W. Fiscus). — Buiklings were destroyed and bridges 
wrecked in this neighborhood ; landslides occuireil and the waters of the Gualala lliv(!r 
were thrown out 50 and GO feet on a gravel bar. The river rose 12 or 14 inches in a few 
hours after the shock. The motion was from southwest to northca.st. It started like a 
wave and then assumed a rotary motion, tearing and grinding. The formations under- 
lying the ranch are said by Mr. Fiscus to bo hard-packed sand below the surface soil to 
a depth of 20 feet, then solid hard rock, as shown in a well 35 feet dec'p. In this well 
the cartluiuake broke out chunks of rock on opposite sides from within 10 feet of the top 
clear to the bottom. The line connecting the displaced rock on the two sides has a bear- 
ing of S. 30° W. 

In several places along the line of the fault fissure, the earth has opened so as to allow 
gravel to fall into the cracks. In other cases water and sand were shot out of the open- 
ings, the sand remaining. Chimneys were thrown to the southwest. 

Stewart’s Point, Sonoma County. — The shock was felt v(!ry severely here and resulteil 
in the destruction of an unusually large barn, formerly a lumber mill, used for the housing 
of Iuml«!r wagons. The structure was leveled to the ground. Small woodem dwellings 
W(!rc but little affected. All chimneys were damaged and the hotcil lost the phister from 
the walls of the lower floor. In the upper st«)ry the pl.oslcir sustained only a few cracks. 
The village lies alraut 2.5 miles west of the fault. 

East of Stewart’s Point tin; bridge over the South Fork of the Gualala River (j)lato GOn) 
was damaged by the slumping of the river terrace on which its south end rests. It was 
subjected to a strong longitudinal, compressive stress, which nwulted in a slight upward 
buckling of the bridge floor near the southern end, and marked bending and twisting of 
the tension rods in the 2 southernmost panels. The siipports at the south end further- 
more appear to have settled 13 inche.s, causing the floor and the hist panel to assume a 
marked inclination. A hundrcnl yards ciast of the wagon bridge is an older, dila[)idatcd 
one, whose flexjr has bcwii removed for some time;. Its rickety aspect and crookcnlncjss 
remder it an unsatisfactory object for study in this connection. There is, however, clear 
evidence of the, slumping of the tciiracc at its .south end, in a manner similar to that at 
the new bridge ; yet the old bridge api)ears to have stood the compre.s.sive stress better 
than the nc'w, and its south end has merely ovenidden the displaced masses of the terrace. 

On l)oth sides of the sharp bend of the river east of the two bridgcis anj extensive land- 
slides, making a clctan swecip down the mountain side. The slide on the north side com- 
pletely blocked the wagon road and was b(;ing removed at the time of the visit (May 12). 
It is of such a height and steepnciss as to menace the road at this point with renewed 
sliding in future, especially during wet weather. 

Gualala Valley. — At Casey’s ranch, half a mile west of the fault, the destruction was 
notably severe, one building having entirely collapsed, and the dwelling-house having 
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been badly strained by the shock. The ranch stands on the cast edge of the ridge, west 
of the Gualala River, and the fault runs along the mountain side sevc^ral hundred feet 
below it. The slope is a steep one, densely timbered except for its uppiir portion. Land- 
slides weni found ov(n- a large part of its surface, but only in a few isolated spots liad th(‘y 
resulted in the complete n^moval of the original surface and th(i forest growing th(;reon ; 
so that a view from across the river r(jv(^al(id no appreciable chang(\s in the landscape*. 
The slopejs (^ast of the river were similarly affected and the fallen timber j)roduc(Ml a tangle; 
not unlike that of extensive windfalls. In at least two places the river was temporarily 
elarnmed up by slides from both slopes meeting in the stre;am beel, but none of these dams 
was of noteworthy size. 

On the ridge cast of the Oualala Valley, the ranches of A. and Chas. Laneiastcr were 
examined and found to have suffered less damage than Casey’s. Chimneys were broken, 
furniture was damaged, and a small slaughter-house collapsed, tho that structure was 
known to be a weak one to begin with. 

Between the two ranches a fissure was found very similar to, tho smaller than, those 
characteristic of the fault-zone. Its trend was N. 75° E. No marked vertical movement 
was in evidence;, and while the twisted sods and clods along its line clearly indicated a 
small horizontal movement, this could not be jiscertain(;d for lack of definite objects to 
measure it on. 

Plantation lionise, Sonoma County. — Most of the houses in tliis place stood the shock 
w(;ll. One cottage which was crost by one of the strongest fault fissures suffered the 
partial collapse of its underpinning. Had the displacement of the fault not been dis- 
tributed over a zone 270 feet wide in this locality, the; d(*struct.ion would probably have 
been much greater. As it was, broken chimneys and windows and slight damage to 
underpinning were the i)rincipal dostTuctive effects within the zone. 

Timber Cove, Smoma County. — Altho this town is fully 1.5 miles west of the fault, 
the intensity was apparently but little less than at plac(;s much clos(;r to it. The under- 
pinning of one dwelling collapsed, all brick and tile chimneys broke off, and household 
articles and furniture were thrown down with violence. 

In the bluffs along the coast and in the numerous rock cuts along the wagon road, the 
rocks appcar(;d loos(;n(;d up, many old fissures having opened and left the rock massi's 
in more or less unstable* positions. Landslides, in rocky as well as in loose material, have 
occurred in a great number of jdaccs, tho none w(*r(; at all extensive. , 

Fort RosSj Sonoynn County. — At Fort Ross, 0.75 mile from the fault, the intensity 
of the shock was probably gr(*at(*r than the actual damage would indicate*. The; e)l(l 
Russian Church and se;veral e)the»r buildings suffe*red thru collapse of their unele'i-pinning, 
but all in a fair state e)f rei)air stood the shock, as did the more re'ce*ntly built elwellings. 

The dwelling e)f Mr. (i. W. Call, proprietor of the plae;e, was vi()le*iitly shak(*n. The 
table was moveel across the fle)e)r to the se)uth anel furniture; ge*nerally was thre)vvn te) the 
ground. There was mue*h bre)ke*n e!re>cke*ry anel glassware. The contents e)f a pantry, 
consisting of jars e)f pre;se;rveel fruit., we^e nearly all thrown from the shelves. In cleaning 
up the wreck after the she>ck, (5 wheelbarrow loaels of broken objects we;re; picke'd uj) off 
the floors of the rooms. In Mr. Call’s room a high case; was thrown acre)ss the be;el in 
which he was sleeping. 

Mr. Call state;el that in his ne;ighbe)rhe)e)el hanging lamps were cause'd to swing in a 
cireJe corresponding with t he apparent me)vcment e)f the sun. There were several shocks, 
quickly following each other; tlie first was not the strongest. They se;emed to increase 
in fe)rce up to the third or fourth and to come from eliffe;re;nt elire;ctie)ns. He juelgcel that 
there was a strong vertical imi)ulse. Chimney tops w(;r(; thrown off, some chimneys 
being shattered to the bottom. Many redwood ami pine tre(*s were broken off, soim; at 
the ground, being uprooted; but generally broken about halfway up. All loose; furni- 
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ture was turned over, and a few frame buildings set upon unbraced posts were shaken 
down. The tendency along the fault seemed to be to crowd the two sides together, as 
a water-pipe in one place had sprung up in a curve out of the ground. The fact that he 
found no trees broken at a distance of more than a mile from the fault indicates to Mr. 
Call that the shock was much stronger near the fault than elsewhere. 

Mr. Call resided for some years on the South American coast and had experienced the 
disastrous effects of sea waves consequent upon earthquakes in that region. The moment, 
therefore, that he felt the shock he turned his attention to the sea, which is in full view 
of his house. He reports that it was perfectly still during the shock and afterwards. 

South of Fort Ross, at Doda’s ranch, a large barn about 150 feet west of the fault was 
found leaning to one side on the verge of collapse. Several of the dwellings and other 
smaller houses had slipt from their underpinning. All the chimneys had been broken 
off or destroyed ; household articles and fmniture had been thrown down, but no window 
glass had been shattered or even cracked. 

Mr. Doda’s daughter stated that she was standing in the kitchen at the time of the 
shock, and was lifted vertically from the floor more than once, in each case alighting on 
her feet. A ranch hand who was out-of-doors at the time stated that he saw the water- 
tank thrown vertically upward about 5 feet and then fall in ruins. 

In the forest between Plantation House and Fort Ross innumerable trees, many of 
them redwoods [Seqxuna sempennrens) of considerable size, had broken off some distance 
from the ground (plate 69a, b), or had split lengthwise from the roots up. Some were 
uprooted altogether, as if by a hurricane. No particular preponderance in direction of 
throw was noted. Trees on the line of the fault were as a rule split vertically and more 
or less twisted. In some cases the butts had actually been sheared. A fine instance of 
this may be seen on the stage road 150 feet east of Plantation House. 

At Seaview, a post-office on the summit of the ridge overlooking Fort Ross and prob- 
ably 1.5 miles from the fault, the shock is dracribed by Mr. Morgan, the occupant of the 
only house there, as very violent. In a room with two beds, one moved across the room 
to the south, the other was lifted from the floor. The chimney was thrown to the north. 

On the wagon road from Seaview to Cazadero, the stoop bank of the road-cuts, generally 
of disintegrated sandstone, had in numerous places slid down upon the road. 

At Cazadero the shock was severe and chimneys were generally thrown, but no build- 
ings were wrecked, all the structures Iwing of wood. Mr. H. L. Conley, of this place, 
stated that according to his observation the shock was from north to south, chimneys 
falling south. In a store the chief walls of which trend north and south, hardly any 
damage was caused. Some pictures hanging against walls were turned around so as to 
face the walls. There seemed to be two maxima, the second being the strongest. 

BETWEEN THE COAST AND THE UPPER RUSSIAN RIVER. 

For the territory between the coast and the upper Russian River Valley, we have the 
following notes by Dr. H. W. Fairbanks: 

At Geyserville the shock was much less severe than at Santa Rosa. Chimneys and por- 
tions of brick walls were thrown down. The shock at Skaggs Springs, 8 miles west of 
Geyserville, was not severe. Chimneys were knocked down, but no other damage was 
done. On the summit of the ridge, 6 miles west of Skaggs Springs, chimneys and crockery 
were broken, the shock apparently being fully as severe as at Skaggs. There are no other 
dwellers along the Stewart’s Point road until within 2 miles of the Rift, where the shock 
was of course severe. 

Another section is that across the country from Point Arena to Cloverdale. At Boone- 
ville, in Anderson Valley, there is quite a settlement. About half the chimneys were down, 
and Dr. Diddle, apparenUy the best-informed man in the town, thinks that the shock wa? 
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somewhat more severe than at Ukiah. Boonevillc is a little more than halfway from Point 
Arena to Ukiah. Ten miles southeast of Booneville on the ("loverdale road, a point a little 
nearer the Russian River Valley than Booneville, no damage to speak of was done, one chim- 
ney being slightly cracked. Sixteen miles southeast of Booneville, a little more than half- 
way between that place and Cloverdale, milk was thrown out of pans and houses badly 
shaken. At a house a half mile away cream upon milk pans was not broken. On the moun- 
tain 5 miles west of Cloverdale there was no damage done. Two miles west of Cloverdah* 
about half the chimneys were broken. The town itself does not seem to have suffered 
more than the average place along the road. Most of the chimneys were merely cracked and 
not thrown down. 

While there seems to have been great variation in the intensity of the shock in the sec- 
tions traversed, it is not clear that there was any increase in the intensity of the shock in the 
direction of the (Russian River Valley at points between it and the coast. 

Supidcmentary to these notes by Mr. Fairbanks, Mr. John L. Prather, of Philo, reports 
that at that placa^hirnn(5ys were thrown down and broken off above the roof, and in 
some cases turned quarter way round, clockwise. Glassware and crockery were gene**ally 
broken and much daiiuige was done in stores and farmhouses. 

HEALDSBURG TO WILLETS. 

IlmldHhurg, Smorna Coimfy. Population 1,870. (R. S. Holvvay.) — This place coiik's 
next to Santa Rosa in the extent of damages done to towns in Sonoma County. The 
shock was definitely less severe, however. The now 3-story brick building of the 
Odd Fellows Society is a total wr(H*k, as arc several other buildings, but many brick 
stru(!tures stood the shock without serious damage. The cemetery is on a low hill 
similar to that at Santa Rosa, and as at thc^ latter place not ov(t half the monuments 
fell. Of 35 S(iuar(; monunumts of the sanu^ class, the direction of fall was as follows: 
north, 10; south, 11; east, 10; west, 3; southwest,!. 

Along the bottom-land of the Russian River, cracks from an inch to a foot in width 
ojxmed at several jdaces. 

(II. R. Bull.) — The direction of the cartlujuake at Ilcaldsburg scciikmI to be from north 
to south (luring the early stage of tlu' disturl)anco. Following this was a decided paus(j 
attcndc^d by a quivering motion; tlum followed a vertical movcmient attcnd('d by a gr(‘at 
rumbling noise like thunde.r; lastly, the distinct oscillatory movement which continued 
thruout. 

A piano with its back close against the north wall was shifted 2 fiM't almost, directly 
toward the south. It was evideiitl)'^ liftc'd and rolled simultaiM'ously, since^ the basc'- 
l)oard of the piano was thrust out upon the floor ahead of the piano. A clock on a sout h 
wall was thrown 5 feet to the north, while a clock on a north wall was thrown to the 
south. Plast(Ting on walls extcuiding north and south was badly brokem and scat!, (‘red, 
while that of th(^ c(‘iling and tlu' walls extending ('ast and west was only slightly injur(‘d. 
One chimiu^y was hurlcid toward the esist, anotlu'r toward the south. North and south 
walls of a brick dwelling 40 U)vi north of tlu* frame building above described w(u*e thrown 
toward the south. Furniture in this l)uilding was shifted also in a similar mamuT. 
R(^sid(ints generally agri^e as to th(' general movenumt Ix'ing from north to south. 

Plssures in th(^ creek bed lu'ar the town are in evidence. Water was thrown out and 
continu(xl to flow for sev(‘ral hours, at first with some considerable f()rc(‘ ; then it gradually 
diminisluMl and finally disaj)p('an‘d. Brick buildings w(Te geiuTally injured and in some 
instances thrown down. (Plate 70a, b.) Many brick walls facing cast and west W(T(‘ 
buckl(Ml eitluT in or out, b(‘cause of the moveiiK'iit from north to south of the north and 
south walls. (liimiK^ys gcuierally f(dl north or south. In sonu^ cas(\s the oscillatory mo- 
tion caused chimn(\ys which had withstood the north and south wave to fall in other 
directions. 
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(George Madeira.) In the bed-room a heavy walnut and marble composite bureau, 
mounted on rollers and weighing 400 pounds, was moved toward the center of the room 
by the first wave motion, which was north to south. It then turned so that the large 
mirror surmounting it was due north. In the house arc three chimneys built close to- 
gether. One chimney above the roof fell to the south; but beneath the roof one fell to 
the south, one to the north, and one to the east, on the ceilings of the back parlor, dining- 
room, and sitting-room respectively. A large pier glass 8 feet high, with a very heavy 
marble base, was turned northward. There were two maxima in the shock and the 
second was the more violent. The first was from north to south and the second from 
east to west. Not a building escaped damage to some extent, whether made of wood, 
brick, or stone. There were five brick buildings destroyed. Mr. Madeira estimates the 
loss at between $200,000 and $300,000. Along the creek and river bottoms the earth was 
fissured and water was forced up which, in some instances, flooded the orchards. 

Alexander Valley to Mt. St. Helena (R. S. Hoi way). — This trip was made in order to 
cross the line of the fault described by Mr. V. Osmont* on the southwest slope of the 
mountain. No sign of recent movement was seen, however, and no reports of cracks or 
landslides were obtained. There arc few houses from which to obtain reports. Some 
chimneys fell as far as Kellogg at the foot of the mountain. At Nays — elevation 
about 1,500 feet — and at the toll-house southeast of the summit — elevation about 
2,300 feet — a severe shock was reported, but nothing was shaken down. In climbing 
the last 2,000 feet to the summit, large boulders wore frequently seen balanced on points 
and yet not overturned by the shock. The intensity decreased from IX at Healdsburg 
to about VI on top of the mountain. 

Alexander Valley is part of the Russian River Valley lying east of Lytton Springs. 
The main bridge across the Russian River was wrecked, the trestle-work part going down. 
The bridge was old and was to have Ixjcn rebuilt this year. At the east end of the bridge 
cracks cross the road, northwest to southeast, parallel to the river bank. These cracks 
ap|)ear at intervals northwesterly, at least as far as the ranch of R(!v. E. B. Ware, al)out 
a mile up the river. The cracks vary from a few inches to over a foot in width, anil are 
sometimes 200 to 300 feet long, roughly parallel to the river. Mr. Ware states that thii 
shock threw the river water upon the sandbars to such an lixtent that ho found fi.sh there 
during the day. Other cracks are rei)orted a mile or two northward. Sul)sidence fre- 
quently occurs whiire the cracks are near the bank. 

Cracks in tlie Russian River Flood-plain (R. S. Holway). — (Vacks have been observed 
at intervals in the alluvial banks of the Russian River from near its mouth to Ahixandcr 
Valley, 5 or 6 miles northeast of Healdsburg. The.sc cracks are sometimes 100 yards in 
length and from a few inches to 2 feet in width. Sometimes near the bank then; will be 
a deep fault 5 to 6 feet in width and 100 feet long, as shown in the photograph of the crack 
at Monte Rio. The direction of the cracks is usually parallid to the bank of tin; river or 
the bank of some small tributary. At Duncan Mills the cracks ran north and south above 
the bridge and nearly east and west just Ixdow the bend of the river. At Monte Rio 
they are east and west. In Alexander Valley they run north and south, while a mile or 
two Ixilow some are found nearly east and west running up a small tributary. 

Maacama Slide, 6 miles easterly from Healdsburg (R. S. Holway). — This slide is on 
the north side of a ridge that runs in an easterly direction and that is at this point from 
225 to 300 feet above the bed of Maacama Creek, whieh runs along the foot of the north 
slope. Mr. Hugh Simpson, whose house is just beyond the foot of the slide, states that 
the entire slide took place at the imstant of the earthquake. The slide is about 0.125 
mile wide at the top and about 0.5 mile long. The rock is a very light, porous, volcanic 
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tuff and seems to be free from water. A slicken-sided wall on the cast sho>vs a very 
smooth surface in spite of the soft rock. Stria* near the top run N. 13° W. with a pitch 
of about 24°. The slide seems to have taken off some of the top of the ridge; that is, 
it started a few feet down the south slope of the ridge, cut its way tluni a fir forest and 
dammed Maacama Creek with rocks and trees. Either two successive slides occurred 
or else the upper part of the moving mass was arrested part way down, for a bank with 
the vegetation of the top rests across the slide about one-third of the way down. (See 
plate 124a, n.) 

This slide was subsequently visited by Mr. G. K. Gilbert, who contributes the following 
supplementary note: 

At Maacama schoolhouse, I saw the large landslide described by Professor Holway. 
The rocks involved are in layers, with a dip of about 30° in the direction of the slide. It 
is therefore probable that the slide was partly determined by the dip, tho it seems to have 
been further determined by the erosion of the valley of Maacama Creek. The shock at 
that point was notably strong. A young man living close by told me that he was watering 
two horses at the time, and kept his feet only by holding on to a pump. Both horses were 
thrown down. The house of Mr. Stimson was thrown from the pegs on which it stood, and 
all brick chimneys in the neighborhood were broken. He and others mentioned numerous 
cracks in the bottom lands a mile to the north, and especially in the bottom lands of the 
Russian River at its neighboring large bend. 

GeyserviUe, Sonoma County (R. S. Holway). — Shock reported north and south and 
northwest and southeast. Several brick buildings were badly cracked and tops of fire 
walls thrown down. The northwest wall of a butcher shop (brick) was thrown out 
against an adjoining frame building, which saved the brick building from an entire fall. 
Half or more of the chimneys were reported down. Goods wore commonly thrown 
from shelving in stores. The cemetery 1.5 miles northwest in the low hills was not dis- 
turbed. The bridge across the Russian River at this point was unhurt. The town is on 
the west side of the river, on alluvial terraces. 

Cloverdale, Sonoma County (R. S. Holway). — The upper walls of a brick building 
nearly opposite the United States Hotel were cracked so as to necessitate partial rebuild- 
ing. A 2-story brick building on First and West streets was unhurt except for cracked 
plastering. The shock was reported north and south; goods were thrown north and 
south from the east and west walls. In a 1-story brick building at Broad and West streets 
goods were thrown from the wall facing north. In the grocery opposite the United 
States Hotel goods were thrown mostly from the wall facing south. The inspector re- 
ports that he has condemned four-fifths of the chimneys, but most (wtimates agrcHj 
that not over one-fourth fell. Mr. Scott reports that he went out-of-<loors during 
the shock and that distinct waves in the ground could lx; s<;eu moving from the vrest 
toward the ca.st. The cemetery is on a knoll on the bank of Russian River, and suffer(;d 
no damage except the fall of a vase from the top of a tall monument. This fell to the 
north. 

(M. C. Baer.) On or about O'* 30“ p. m., April 11, a slight shock (class III) was felt. 
The general direction seemed to be east and west and to have a trembling motion. The 
n(;xt shock came at 5** 13“ a. m. on April 18, and was of about class VIH. The motion 
was at first oscillatory, but seemed to end up in a series of jerks. There did not seem 
to be any general direction. All chimneys were cracked; many windows were broken, 
and many brick chimneys and buildings were shaken down. The bricks of a chimney 
from a building about 30 feet high were thrown southward about 70 feet. Generally the 
chimneys seemed to have shifted or fallen southward, but in some cases they have tended 
to go in other directions. Many telephone wires were broken. In most cases water was 
spilt from water-tanks on all sides. It is reported that the water of several streams was 
partially thrown upon the banks. No cracks in the earth’s surface have been reported. 
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Ukiahj Mendocino County. Population, 2,000. (R. S. Hoi way.) — A brick building 

owned by Mrs. White was so badly damage^d that it is being taken down. The north fire- 
wall of the McGlashan Building was thrown down and the engine house is reported un- 
safe. Mr. Cunningham, inspector of chimneys, reports some 30 to 40 actually down, 
but probably one-fourth of all chimneys condcimnetl. Sexton Rogers reports no damage 
in the cemetery. The State Asylum for the Insane, a large brick building, is east of the 
river and some 2 miles away. The gables fell out, coping and ornamental stones fell 
from walls, and chimneys fidl geiKn'ally west or east. In one case, where a chimney was 
braced by an oast and west rod, th(^ washc^r was pulled thru into the flue, but the chimney 
remained standing. At Vichy Springs a gniatly increased flow of water is n^ported. The 
water was milky for a fciw days. IiicreascMl temperature was reported, but no ther- 
mometer was used to determine this. 

(Geo. McGowan.) — The town is partly on bottom-laiul and partly on a bench slightly 
above the bottom. There is no rock near the surface and none of the ordinary wells go 
to rock, but pass thru washt gravel and clay. Ukiah Valley is approximately 12 miles 
long, and 2.5 miles wide, lying about north-northwest and south-southeast, and sur- 
rounded by mountains. Russian River enters at the north end of the valley. At this 
place it is at the extreme east side and continues near th(i cast side to its exit at the south 
end. The greater part of the valley floor is alluvial fill. It is nearly level except for a 
depression toward the south to correspond with the grade of the river. Ukiah is a little 
to the west of the center line of the valley and about 4 milc^s from the north end. There 
are several deep canyons at right angk^s to the valley in the bordering mountains. 

In the town a 2-story brick building, rather flimsily built, the front being set on 
pillars, was canted about (5 inches to the south, breaking most of the plate glass in the 
front. It struck against a 2-story brick building just completed, also set on pillars, 
and the latter was set over nearly a foot and the walls badly cracked. The greater part 
of a long fire-wall on the north side of a 2-story brick building fell and an inmjr wall 
that served as the casing of a stairway was badly cracked. A large number of chimneys 
were dislocated and some were thrown down. Some of our well-built structures suffered. 
Quite a number of houses had the plastering more or loss crackcul. The railroad lost a 
large water-tank which was thrown down and demolishfjd, tho a large oil- tank n(^ar by 
appears to be uninjured. The sho(!k caused an old sheet-iron tank full of wat(T to break 
loose at numerous points around tho bottom and losci its contents in short order. Of two 
pcmdulum clocks one was stopt. Chimneys and loose obj(;c.ts wore thrown to tho north 
and south, some one way and some th(^ otluT, and some chimneys that were not thrown 
w<TC dislocated and turned partly ai’ound, in a din'ction opposite th(i apparent motion 
of tlui sun. The electric-light bulb hanging over my bod swung first back and forth, then 
changed to an ellipse and finally almost to a circle, ’'niere wore two principal maxima, 
of whi(di th(^ first was the stronger. TIk^ first movement was north-northwest and 
south-southeast and this was succeod(‘d by a twisting motion. 

Mr. S. D. Townley, in charge of the Intigriatioiial J^atitude Obsiirvatory, 1 mile south of 
Ukiah, reports: 

Many chimneys were thrown down from 2-story buildings, and also from some cottages. 
One new brick store building just nearing completion was so badly cracked and thrown out 
of plumb that it is necessary to tear it down, and several other brick buildings were damaged 
to a greater or less extent. The particulars are given in the Ukiah Press for April 27. A 
rough estimate of the number of chimneys in town would be 1,000. P. B. Westerrnan, 
teacher in the Ukiah High School, reports that 120 chimneys fell, most of them either to the 
north or south. At the Asylum on the eastern side of the valley, chimneys fell to tho east 
or west. Cemetery monuments were not overthrown. One chimney on a house 200 yards 
southeast of the Observatory was badly cracked. 

At the Latitude Station no damage whatever was done, altho the shaking was the most 
severe ever experienced by the writer. Dishes rattled, niTlk was spilt from pans little 
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more than half full, and fowls and other domestic animals were very much perturbed. 
There was a series of shocks, and reliable estimates of tlieir duration vary from 21) seconds 
to 1 minute. The general direction seemed to be from southwest toward northeast, 
but others report a different direction. The Ukiah Valley is surrounded by mountains of 
considerable altitude, and it is probable that some of the shocks felt were reflected from the 
mountains. Hence it is that the earthquake is generally spoken of as a “twister.” 

The Observatory clock was not stopt., but it lost 6 seconds during the disturbance, whi(^h 
is equivalent to being stopt for that length of time and then set going again. The Observa- 
tory roof is built in two sections, which roll upon horizontal tracks, east and west, giving 
an o])ening of about 1.3 meters for observation. When closed the two parts are fastened 
t oget her by means of a hook and eye such as are used on ^creen doors. The hook rests 
in a horizontal j)osit,ion and the bond of the hook in a meridian plane. The effect of the 
eartlKpiake was to unfasten this hook and oj)en the roof to the width of about 20 centimeters, 
my recollection being that the eastern lialf was moved about twice as far as the western. 
The pier upon which the z(Miith telescope n*sts was apparently not damaged, but the tele- 
scope was thrown consid(^rably out of adjustment. It. was out about 15 seconds of arc in 
azimuth and the v(»rtical axis was out in both directions, but not much more than sometimes 
results from extreme changes in temperature. 

The first series of shocks was followed by three lighter shocks and the observed data for 
each are as follows: 


I'acii m 

RtANI>M{1i 'I'lMK. 

OnUATlON' 

; Aitoi r. 

J)lRK THIN. 

Intkn.sity. 

Apr. IS‘‘ 
IS 

;V‘ 

‘'A. M. 

, 

i 10" 

SVV toNE 

S(*vcrc‘ 

10 4 

40 A. M 

10 

SW.loNK 

Mrdiiini 

IS 

1 1 .40 

0 A. M. 

1 40 

S\V toNE 

LiRht 

20 

12 40 

r)4 A. M. 

j 1 


Very slight 


The times are correct within 2 or 3 seconds. 

I was in the observatory at the time of the second series of shocks, lO** 4"', and perceived 
the effect of the movement in the striding level (east and west) of the zenith telescope. 
The bubble oscillated over about 2 divisions of the level. The value of one division is 
2.2", and as the distance between the east and west leveling screws of the instrument is 
about 42 cm., the dist.urbance ])roduced in the bubble was e(pjivalent to the effect of raising 
and lowering one of the leveling screws by ().0()()5 centimeter. This shock was felt very 
distinctly and it is probable that the north and south component of the motion was much 
greater than the east and west component. The fourth shock was not felt at all. It was 
detected during the i)r()gress of latitude observations, by a movement of the bubbles of the 
latitude levels. The oscillation (north and south) was about one half of one division, and 
the value of one division is 1 inch. 

My estimate of the intensiti(*s for the four shocks given above would be, respectively, 
VII, IV, III, 1. The Observatory is about a mile south of the city of Ukiah, and it seems 
certain that the earthquake was more severe in Ukiah than at the Observatory. The inten- 
sity of the first shock at l^kiah would certainly not be less than VIII, possibly IX. 

The direction of all shocks was southwest to northeast, according to bodily impression. 

WilMs, Mendocino Covnty (R. S. Holway). — Hri(*k chimneys were quite gcuK'rally 
wreck(*d. The BuckiKT Hot(4 wjus c.oinplet(dy deinolished. One wall fell at the tinier of 
the shock, killing Mr. Taylor, the proprietor. The building finally fell at 10*' 20"' a. m. 
The structure w\'is largely frame, with some brick veiuair. The stores of the Irvine Muir 
(-ompany wen*, badly wrc'cked. Fire-walls fell ; jdaster, shelving, and goods w(*r(i thrown 
to th(^ floor. Brick walls hJl in s(^v(^ral other stores, and frame buildings were in some 
cas('s thrown from tludr foundations. Small cracks across sonu^ of the streets w’ere re- 
ported, but they are not now visible. All brick buildings wen^ darnagcMl to some (extent. 
A tank 2 or 3 niih^s to th(j (\ast thn^w the water out on the northwest and southeast. 
Colonel La Motte, at the spawning station 5 miles north of Willets, stated that th(^ wat(T 
of a pool 8 to 12 feet in diameter and 2 feet deep splaslunl out on the south and south- 
east, wotting the pick(*ls to a ludglit of 18 inches. It did not splash out in any other 
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direction. The valley is an old lake bed with ground water within 3 to 4 feet of the sur- 
face in AprU. (See plate 73b.) 

At Hemlock, 14 miles east of Ukiah, the shock, according to a report by Mr. C. D. L. 
Bowen, had two maxima, the second being the stronger. A rotary motion was felt, but 
no damage was done. 


CLEAR LAKE DISTRICT. 

For the Clear Liake district to the east of the Upper Russian River Valley, the follow- 
ing notes arc from a report by Mr. C. E. Weaver: 

Hopland to Lakeport. — Nothing of importance was observed along the road from 
Hopland to Highland Springs. At the latter place one chimney fell. No cracks nor 
fissures could be seen. From Highland Springs to Lakeport no cracks were seen, and 
upon inquiry none were reported. The damage to buildings was slight ; only a few chim- 
neys were thrown down. 

At Lakeport several brick buildings and one frame building were partly destroyed. 
A brick building was completely destroyed and most of the chimneys were t^own down. 
Many chimneys not actually t^own were twisted, and in every case the direction of the 
rotation was clockwise. All 6 chimneys of the high school building were twisted thru 
an angle of about 20“. Clocks in general stopt. No fissures nor cracks are reported or 
were found. The town is built on alluvium. 

Upper Lake. — The intensity of the shock is said to have been greater at Upper Lake 
than at Lakeport. There are, however, no brick buildings there, and only chimneys 
went down. No cracks nor fissures were formed. This town is also on alluvium. 

Laurel Dell. — A crack having been reported at Blue Lake, near Laurel Dell, Mr. 
Weaver visited the place, but found only a minor slide on the roadside. At Laurel Dell 
and Blue Lake Hotel chimneys fell. The first story of Laurel Dell Hotel, built of stone, 
was not affected. No cracks nor fissures were seen or reported between Upper Lake and 
Lakeport. 

Lakeport to Lower Lake. — Between Lakeport and Kelseyville, a distance of 9 miles, a 
few chimneys were down along the road. Houses are few, however. At Kelseyville, 
on a wide alluvial flat, brick buildings were somewhat damaged, and chimneys generally 
were down. The shock was reported to be of about the same severity as at Lakepmrt. 
The shock was described by residents as having had first a north to south motion, then 
east to west, then a twist. One mile south of Kcdseyville and half a mile to the west, 
at the place of Mr. McLaughlin on the Ix)wer Lake county road, a crack was found in the 
alluvium out of which gas escaped, burning upon ignition. Alx)ut one mile north arc 
gas wells in the same kind of rock, the gas being obtained by boring to a depth of 16,') foot. 

About 3.75 miles south of Kelsc)rville on the road to I.ower Lake, at the ranch of Mr. 
M. E. D. Bates, is a crack varying in width from 1 to 6 inches. It crosses the road about 
200 feet below the house. At the right of the road going south it crosses the creek and 
can be seen no further. At the left of the road it passes up the hill toward Uncle Sam 
Mountain for about a mile, but is not continuous. Near the road two small trees stand- 
ing on the crack have been partly uprooted and a fence post has been thrown out entirely. 
The rock thru which the crack passes is alluvium and a loose, unconsolidated conglomer- 
ate. It apparently does not pass thru the hard Franciscan rocks. In places there are as 
many as 10 parallel cracks, separated by intervals of 5 to 10 feet, which could be traced 
for only short distances. On the right side of the road, about 100 feet south of the 
cracks, stands a schoolhouse. It has been slightly tilted to the south. The chimney, 
made of terra cotta, is bent to the south. The chimneys on the house of Mr. Bates fell. 

On the side of Mount Konocti, several large loose boulders were caused to roll down, 
but no landslides nor cracks were observed. 
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Cache Creek Canyon. — On Sunday, May 1, a large slide occurred on the side of Cache 
Creek Canyon. Mr. Weaver visited this and reports that the slide occurred about 4 
miles below the junction of the north and south branches of Cache Creek. The creek 
here flows thru a canyon not more than 1,000 feet wide, with steep walls on each side. 
At the point where the slide occurred, the creek makes a bend. The rock which slid is a 
red sandstone. The distance from the creek to the point where the slide began is about 
500 feet. The width of the slide is about 300 feet. It occurred on the south side of the 
canyon and dammed up the latter to a height of 90 feet. The water rose to that level and 
one week later. May 7, the dam broke and allowed the water to escape down the valley. 
Nearly all the material was carried off by the water. 

At the base of the cliff whe^re the slide occurred are several very large springs; it is 
stat(‘d by Mr. Brainard that springs were common at the base before the slide occurred. 
About 500 fecit back from the upper edge of the slide thcire is another crack, having a 
width of from 2 to 0 indies. It is about 300 feet long and the mass of rock in front of it 
appears ready to slip. No other cracks were seen. 

At Middleton the shock was not especially severe. The brick hotel was not injured, but 
some chimnciys were down. 

At the toll-house on Mount St. Helena no chimneys were down and the shock was 
not (ispecially severe. 

At Oat Hill, at an elevation of 2,000 feet, on a mountain slope facing east, Mr. J. J. 
Multer reports that no damage was sustained in conseciuencui of the earthquake. The 
shock comjirized two parts, of which the second was thci stronger. The direction of 
movenient was northwest and southeast. 

Vicinity of Upper Lake. — Charles Mifflin Hammond says: 

I live about 4 miles southeast of Upper Lake, in the approximate latitude of 39® 10' N. 
and longitude 122® 45' W., at an elevation above the sea of 1,350 feet, and about 50 feet above 
the surface of Clear Lake. The house is 45 by 90 feet, well built, and a story and a half 
high. In it 1 have a collection of about 70 clocks, of all ages, styles, and makes. These 
stand on mantelpicc^es, on shelves, on the floor, on bookcases, and some are hung on the 
walls. I have no absolutely correct time, but on the morning of April 18, between 5‘' 13"* 
and 5'' 14'“, my wife and 1, who were asleep, were awakened by a violent rocking of the 
house. We jumped to a doorway and stood there for about 2 minutes, tlie house gradually 
coining to a state of rest from its violent rocking and swaying, and a roaring noise passing 
off in a southwest direction. Tliis direction is corroborated by some of the men on the place 
who were up at the time. They all said that they suddenly heard a noise in t he trees as tho 
a heavy wind was blowing thru them, and that the rumbling i>ast away to the southwest. 
There was only one maximum and the movement certainly came from the northeast. 

I at once made an examination of the house. The southwest room showed the greatest 
disturbam^e. From the top of a small bookcase facing west a large china vase was thrown 
to the floor and smashed. On my desk, facing north, stood a spy-glass 2 feet high, which 
was tipt over to the southwest. In the southeast corner room, on a mantel facing southwest, 
a vase of flowers was tipt over to the southwest. Practically every one of my pendulum clocks 
had stopt, with two notable exce[)tions. In the southeast corner room, there stands on a 
small slielf facing northwest a very delicate Empire clock, which a sheet of paper put under 
one leg will stop. The clock kept on running, as it did thru all of the later earthquakes. 
In the southwest corner room there is another delicate clock standing on a bookcase facing 
southeast. This clock causes me a great deal of trouble, as the slightest variation in its 
level stops it; yet it was going after the main shock. 

At 10 oV’Iock that morning there was another sho(‘k, which was not very perceptible, yet 
it caused the above clock to stop, and also a few others. At 1 1'* 40'" I haj)pened to be in 
the house starting the stopt clocks for a second time, when there came a third shock which 
again caused some of the clocks to stop. 

On May 6, at 8’ 10'" p. m., a very violent shock came from almost due east. We were 
sitting on the piazza, and it came without a second's warning. 1 judged it to lie fully as 
severe as the one of April 18, but it lasted only about 10 seconds. In the southeast room, 
from the same mantel, a small wooden clock was thrown out on the floor to the southwest. 
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In the southwest room the same spy-glass was upset toward the northeast, and from the top 
of the tall bookcase, from which had before been thrown the china vase, a bronze figure a 
foot high was precipitated to the southwest. In the hall, on a bookcase facing west, a 
small wooden clock was tipt over to the east against the wall. At 9 o'clock that evening 
there was another shock almost as heavy as the first one, but by that time 1 was too rattled 
to take much note of it, especially as 1 had not started the clocks up again. But the next 
morning I went at them, and found that in some cases the pendulum had been swung out of tlie 
wire loop from the escapement. I tried to locate the direction of the (j[uake from the condi- 
tion of the clocks, but found that they had stopt indiscriminately, without regard to length 
of pendulum or direction. They have pendulums ranging from a few inches long to several 
feet. No plaster was cracked in the house, but many pictures were out of line, and the 
quakes of May 6 broke off two of my chimney tops at the roof lino, the southwest corners of 
both being moved about 0.75 of an inch in that direction. 

In the Rossi-Forel scale, I placed the shock of April 18 in class VTTI and those of May 6 in 
class VII. In none of the shocks was any disturbance noticed on the waters of the lake, nor 
was there evidence of there having been any waves, yet on the 18th a plank connecting 
my fioating boat-house with the bank was found with its outer end in the water, showing that 
the boat-house had been pulled away from it. This plank ran about east and west. In all 
of the shocks the house seemed simply to sway backwards and forwards. There appeared 
to be no up and down movement. In the cellar under the house the milk was thrown from 
the pans in a northeast and southwest direction. 

liarihti Springs (Mrs. M. K. Clark). — My husband past the night of A])ril 17 at Upper 
Lake, where the shock was (piite severe, but my son, a boy 10 yciars of age, was on the 
ranch, 5 miles northwest of Bajrtlctt Springs. The shock was severe enough to sto[) the 
clock. lie and another boy felt the prolonged tremor and the rocking of tlie house. 
They were dressing when the shock occurred. Nothing, however, was rejxn ted i\s hav- 
ing been knocked over, nor was any milk spilt from pans. At our nearest neighbor’s, 
4 miles northwest of our ramdi, nothing was known of the (jartluiuako till it was men- 
tioned to thorn 3 days aft(5r the (went, altho a member of the family thought he f(‘lt soiiKi- 
thing. At another neighbor's, 5 miles northwest of hen^, at Hoi‘se Mountain, the wife 
was awakened but not the husband. At Twin Valleys Ranch, a smai-t sliock was felt 
and the clock was stopt. 

Lower Lake (W. C. Goldsmith). — No diimimys wore thrown down in tlie town, but 
2 chimney tops f<dl to the southwest at a point about one niih; northeast of the town. 
Mr. Weaver reports that Lower Lake is on Eocene sandstone, and that the shock was much 
less than at Lakeport or Upper Lake. 

Sanhedrin, Lake County (V. L. Frasier). — This place is in a small alluviated valley 
surrounded by mountains. One shock was felt which was not sewere enough to throw 
chimneys. The motion was from imrthwest to south(\ast. Some men in a tunnel in 
solid rock, 800 feet below the surface, did not feel tJie shock, and people living on the sur- 
rounding mountains report the shock as much lighter than in the valley. 

In the district about Knoxville, Mr. Wcjaver n^porls that a few (diimiuiys at ranch houses 
fell, but that no severe damage was occasioncMl. To the (iast of the crest of the Coast 
Ranges, in the latitude thus far consider(?d, observations indicative of the intensity of 
the shock become more scattering, and people gcmerally attached litth; importance to 
their experiences of the morning of April 18. 

FORT ROSS TO BODEGA HEAD. 

We return now to the coast south of Fort Ross. An examination of the coast between 
Fort Ross and Bodega Head was made by Prof. J. N. L(;Con(.(^ and Mr. A. C. Wright. 
Tluj portion of their report dealing with the distribution of intensity follows : 

From Fort Ross the line of the earth(iuake fissure was followed south to the point where 
it passes into the sea. From this point wo followed the beach for 8 miles. Several sliders 
were seen about 3 miles south of the Fort. One of these was of great size, being between 
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300 and 400 feet in height. These are evidently old slides, and the amount of material 
brought down by the recent earthquake, though large, is insignificant compared with the 
size of the scar. At Rools Landing the beach was abandoned, and the wagon road was 
followed to Davis Mill at the mouth of the Russian River. The earthquake here had 
caused several thousand dollars^ damage to trestles on the logging railroads. No buildings 
were moved on their foundations, only chimneys being thrown down. 

From this point the road along the bench above the sea was followed 12 miles to Bodega 
Bay (see map No. 4). The country is sparsely settled. Only three or four houses were 
past, and these were uninjured except for broken chimneys. Near Bodega Head the bridge 
over Salmon Creek was somewhat twisted. Just beyond this a good-sized hotel, previousTy 
used as a summer resort, was badly wrecked by the earthquake. It was moved on its 
foundations, and rendered unfit for habitation. This buildnig was close to the sand-dunes 
and probably rested on sandy deposits. The barn was completely wrecked. A few hun- 
dred yards beyond this a small mud-flat extends from the sea up to the road. Curious 
mounds of mud, shaped like truncated cones, were thrown up by the earthquake. Subse- 
quent examination sliowed that the line of the earthquake fissure must have past near this 
spot. 

Duncan\s Mills (J. Parincter). — On the Russian Riv(T, when fislierman tried to seine 
fish after the (iarth(juak(i of April IS, their nets were torn to pic'ces by snags, etc., wIkto 
there had formerly b(;eii no obstruction. Large trees that had Ixhjii buried in the bed of 
th('. river were lifted up by the convulsion, while other trees vanished that had been in 
sight.. Low i)laces in the river bed were made high and vice versa. 

The bott.om of the river appears to have dropt 2 fcjot all along by Duncan's Mills for 
2 miles; and at the mouth of tlu^ river, where there used to be water 12 or 14 feet deep, 
th(Te is now only 2 feet, and a riffl(», till boats can hardly cross, for a length of almost a 
mile. For over a mile there is now a strong curnuit, where th(M*c used to be qui(^t water 
with very Vitth current. A man who was by the riv(^r, near Montes Rio, when tlui (‘arth- 
(|uake occurn'd, told th(^ Parmet(^rs that he saw the muddy bottom of the river rise to the 
surface, and the wat(T ran off ow.v the banks. I'he bottom was the high(»st where the 
wat(T had been S or 10 fe(it d(*(‘p; tluMi it settled back. A road and fence movcul 10 feet. 
On the other side of Russian River from Duncan's Mills, 200 or 250 feet back from the 
stream, the eartlniuake ma<l(^ many holes thru which black sand and water blew up. 
Such blow-hol(\s wcu’c made all along this river. Ihdween the river and the ruined hotel 
at Duncan's is an irn'gular cra(*k about 20 feet wi<le, 80 feet long, and 1.5 to 4 f(M^t deep, 
with a blow-hol(^ 4.5 f(u*t w4d(* and 2 f(M‘t dc'cp where coarse river gravel came up. 

(R. kS. Holvvay.) — One hot(il at Duncan’s Mills was completely wrecked and other 
buildings were much damageHl. Along the riv(^r tlu'n^ were several cracks in the alluvium. 

(I. ]^. Thayer.)- -Th(‘ shake \vas of great severity on tlui Russian River at Duncan's 
Mills, and totally d(^stroy(^d a large' hote'l. Several small housevs were thrown from their 
foundations. 


TOMALES BAY TO BOLINAS BAY. 

By G. K . Gilbert. 

Th(j following data upon intensity were gatherad, with slight exceptions, Ixitwe^en April 
20 and May 12, 1900. In thear arrangcancmt the^ ord(T followed is: (1) The line of the 
fault from south to north; (2) the towns of Umj Rift belt; (3) the peninsula west of 
the Rift; (4) routes of travel eaist of the Rift; and (5) distril>ution. 

Along the Fault. — Mrs. St.<*ele’s farm buildings, near tlu^ luaid of Tomales Lagoon, stood 
in a vea-y narrow fault-sag which was traversed l)y the fault-trace. At this point the trace 
consists of a group of cracks 10 to 20 feet broad. The barn, nesting jiartly on the ground 
trav('rs(Ml by these cracks, was demolished so that, as I saw it, it lay in ruins. Tlai house, 
standing only a few hx^t to the east of the fault, was thrown from its undi'rpinning and a 
wing was partly separated from it. 
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The buildings of E. R. Strain, 1.5 miles north of Bolinas Lagoon, stand about 20 rods 
east of the fault-trace, the house being on a hill and the other buildings on sloping allu- 
vium at its base. The house did not leave its brick foundation, but the foundation was 
cracked. Chimneys wore thrown down. The other buildings were thrown from theii- 
underpinning, moving eastward. Milking was in progress in the barnyard. Some cows 
were thrown down, and Mr. Strain himself was thrown to the ground, but rose and 
grasped a tree, of which he retained hold with much difficulty. 

Daniel Bondiotti lives 3.5 miles north from the head of the lagoon, and his buildings 
are about 20 rods east of the main crack. His house was shifted 3 feet toward the fault 
and his barn moved in the same direction. Men engaged in milking were thrown in a 
direction away from the fault — that is, to the northeast — and cows were also tluown 
in this direction. 

At a barnyard near Bondietti’s, and east of the fault, a milker was thrown to the 
west — that is, toward the fault. 

At B(iisl(ir\s ranch, a short distance north of Bondietti^s, tlui fault-trace is in two i)arts, 
of which the western or main part passes under the barn, and tlie eastern between the 
house and the barn. Mr. Beisler was milking a cow at a point within (> feet of the west 
branch, and on the southwest side. He was thrown to the southwest, arose, and starti‘d 
to go in the opposite direction, when lie saw the crack in the ground; he then turned and 
was again thrown, but with difficAilty reached a fence 10 or 15 fc^et away before the (‘nd 
of the shock. Ilis liouse and buildings wcTe strained, but they did not collapse, and tlu'ir 
shifting was slight. The greatest shifting was of the main part of his barn, wliich stood 
between the branches of the fault and moved alniut 2 f(^et to the northwest. A water- 
tank near the fault was shifted slightly but did not overturn. At both the Bondietti 
and Beisler ranches the surface of the ground has considerable slope and it is probable 
that beilrock is not far below the surface. 

The buildings of the Dickson ranch, 2.5 miles south of Olema, are about 0.25 mile east 
of the fault-trace, standing on a hillside presumably on firm ground. Th(^y nearly all slid 
southwest — that is, downhill and toward the fault. The barn, an old building, eollaiised. 

At the Bloom place, a mile south of Olema, the buildings stand 30 or 40 rods (;ast of the 
fault, and are on firm ground. The injury to buildings was here comparatively small. 
A water-pipe hy which water was brought from a point on the opposite side of the fault 
was broken in many pla(;(^s, being at some points pulled apart and at others telescoped. 
At one place it buckled so as to project several f(M^t above the ground. After being re- 
paired, the jiipe was found to be shorter than before, the difference being estimated at 
about 5 feet. I did not examine the course of the pipt^ but from its general direction 
I infer that it crost the fault oblicpiely from south to north, and that the shortening w{is 
the direct result of the horizontal throw of the fault. 

Mr. Payne J. Shafter’s place is near the village of Olema. The fault-trace is clos(» to 
the house and other buildings. These stand on a bed of alluvium which is probably sup- 
pcjrted by bedrock at a short distance below the surface. In the barnyard men were 
milking, and were thrown violently to the ground, along with the cattle. The buildings 
mm much damaged. During ilio eartlujuake a cow fell into the fault-crack and the 
(^arth (ilosed in on her, so that only the tail remained visible. At the time of my visit the 
tail had disappeared, being eaten by dogs, but there was abundant testimony to sub- 
stantiate the statement. As the fault-trace in that neighborhood showed no crac.ks 
large enough to receive a cow, it would apjMjar that during the jiroduction of the fault 
there was a temporary parting of the walls. 

Mr. Skinner's ranch is 0.5 mile west of Olema and on the line of the fault. The trace 
passes within about 10 feet of the house and within 2 or 3 feet of the dairy, and runs und(T 
a portion of a large cow-barn. The house stands southwest of the fault-line, and is on 
the l)lock which moved northwest. The house itself was shifted northwest with reference 
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to the ground. (See fig. 22.) A granary standing 100 feet farth(ir wc^st than the house 
was shifted southward about 3 feet. The movements of the house and granary were 
thus in nearly opposite directions. The dairy remained on its foundations. The barn 
was not shifted on the earth block supporting its greater part, but was draggcni along over 
the other block. Movables in the buildings were thrown about with violence; dishes, etc., 
were broken; but no buildings wen; destroyed and all were afterward repainul and us(;d. 
A circular water-tank standing on a trestle about 12 feet high, approximately 100 feet 
northeast of the fault, was uninjured, and seemed to be absolutely undisturbed. In tin; 
barn-yard, which was traversed by the fault, cows were assembled an'd S(;veral men were 
engag(;d in milking. Cows and men were all thrown to the ground, the direction of theur 
fall being northeastward and away from the fault. This dir(;ction was also downhill. 

The road from the Skinner place to Olema crosses a small creek, and near the bridge; is 
a d(;(;p pool. Water from this pool was thrown out to the southwest, being carried across 
the road a total distance of 3 or 4 rods. 

Bolinas. — At the; south end of the p(;niiLsula is a sloping plain carv(;d by the sea whciii 
the land stood lower than it now does. Its general form and relations are shown by the 
contours of the map, fig. 10. This plain originally extended at least as far as the shore 
of Bolinas Lagoon, but east of Paradise; Vall(;y it has b(;en modified by (jhanges asso- 
ciated with the Rift. The line of Paradise Valley, when extended southeastward parallel 
to the fault-trace, marks approximately the limit of the Rift in that direction, and all 
the land between it and the fault-trace is broken into blocks which have been diversely 
faulted and tilted. As sonu; of these blo(;ks retain the smooth upp(;r surface which they 
received as parts of tin; plain of marine denudation, their pr(;sent attitudes serve to ex- 
press (h(‘ nature of the; dislocations. Two small blocks facing the south(*rn part of Bolinas 
Lagoon retain approximately th(‘ir original h(;ight, but are tiltetl at different angl(‘s toward 
th<; northeast. A thin! block, too narrow to be caught by tin; map contours, has dropt 
50 fe<;t low(‘r and is tilted at a still higher angle toward the northeast. A fourth and 
much larger block, itself involving minor dislocations, slopes southward from a point 
opposite the h(;ad of Paradise; Valley to the delta of Pine tlulch (Vi;ek. Th(; uppia* part 
of the village of Bolinas li(;s in a (!urving fault-sag among th(»s(; dislocatcnl blocks, and 
anotluT portion stands on tin; d(;lta of Pine Gulch Cr(;ek. In the fault-sag, wh(;r(» the 
ground was much <;racked, n(;arly all tlu' houses were either shifted on their foundations or 
else thrown from their foundations. There was great destruction of furnitun^ and olh(‘r 
broakabh; articles. In soiiu; Ceases people were thrown from their IxmIs, but none wiMC 
seriously injuretl. Thnn* buildings which had stood on stilts along thi' shore of th(' lagoon 
were tipt toward it so that their lower edges came within reach of the tid(‘. SeviTal 
buildings were so badly injured that they were; afterward torn down by th(;ir owiu'rs 
instead of Ix'ing repaired. Just outside the fault-sag, and only a h'w rods distant, a 
group of houses stand on high(;r ground, and these w(;r(; comparativ(‘ly uninjun'd. They 
wen; not moved on their foundations, and in one; instance the* e•hilnn(' 3 ^s were* not 
thrown down. 

In the northern part of the town, standing on the delta of Pine Gul(;h ( Vet*k, about half 
the buildings were thrown from their founelatiems, and he;re also the* destruction was 
gre*at(;r on low flat land than on higher grounel. 

Okina, — The; village of Olema is al)Out 0.5 mile e.;ast e)f the; fault-trace and at the e;dge 
of the Rift be;lt, the greate;r part being included within the Rift. The re*side*nce of Mr. 
Pease, standing on alluvium, was shifted south about 2 fe*(;t, falling from its s\n)ports. 
It was ve;ry badly wrae;ke;d, and was eventually torn denvn. A ne*ighl)oring pi(;ce* of allu- 
vial lanel bordering Oleana Cree;k sank alK)Ut 2 fee*t. The he)t(;l owne;d by Mr. N(*Ison, 
standing on higher ground, was se)mewhat wrackeil but wtis not shifte;d. A house* n(*xt 
de)or moved 2.5 feet to the ne)rtheast. A house; opposite inove;el 2 feet to the* norUiwi*st. 
Another house; opposite fell from its supports, moving southwest. A ne'igliboring stable 

n 
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was wracked so as to lean to the southwest. A church moved 3 Icot to the southwest, 
that direction being downhill. Probably half the houses in the town were not shifted 
from their foundations. Of two bridges ovc^r Olema Creek, one was shaken to pieces. A 
lady in the hotel was thrown from her bed by the shock. 

Point Reyes Station, — The village at the railroad station of Point R(^yes is about 0.5 
mile northeast of the fault-tracer, and stands on a low bench of apparently firm ground. 
It is probably just outside the Rift belt. The sehoolhousc, a 2-story building standing 
on a i)ri(rk foundation wall, was shifted 2.5 feet to the south. A stone building used as a 
store was thrown down, the walls falling toward ther southerast. The hoteJ barn was 
shift(Ml 20 inches toward the south and a few otherr buildings were shifterd, the distances, 
so far as obsc'rved, being hrss. Brick chimneys worer generrally thrown down. A large 
sherd w^as wreckerd. In all buildings furniturer was shifted, objercts on shelves werre thre)wn 
down, dishers were brokern, etc. An enigine and three cars standing on ther track werre over- 
turned towarel the southwerst. A long we)e)el-pile was thrown down toward the southwest. 

Inverness. — Inverness is a village of summer resielences on and near the southwest 
shore of Toniales Bay. The upland of the peninsula therrer closedy approaches the 
beiy. Tlie village occupies two narrow valleys iiemnal te) the shorer, and a mesa bertween 
themi. Its site is within the Rift, and be>th vallerys anti niersa worer traverrsed by many 
cracks, e)f which some had the character of branch faults. All the houses werre of wood. 
About half of therm were shifted on therir foundations. Te) a cerrtain exl-ernt ther direction 
of shifting W’as determined by the slopes of the ground, the housers me)ving de)wnhill; 
but where that facte^r diel not control, the me)vement was toward ther west or southwest. 
In one instanere I noted a south westward me)vement of serveral feret uphill. A few 
housers in the southern or first valley^’ nerar the berach werre demolished, or se) baelly in- 
jured as to be torn down. Several houses on the mesa were so badly injureel as to rerepiire 
practical receiiistruction. As the most serious injury was to houses thrown from therir 
feiunelations, it is probable that the jar of falling was an important facteir. It is related 
that a number of persons were threiwn violently from therir beels, but therre^ werrer no se»rious 
perrsonal injuriers. Of a seriers of bath-houses standing on ther berach, some remainerd 
uiimeiverd; others werre tilted beerausc of ther yieleling of therir slemdeT supfieirts; and oner 
was turnerel over on its side witheiut the bre^aking eif the pins on which it stood. It fell 
to the neirthwest. A water-pijie feillowing an east-west (or northerast-southwe\st) roael 
on the mesa, and buried about 1 foot, was bucklerd at two jioints so as to be lifterel above 
the ground. I saw no eartlwracks nerar these jioints. (Se»e jilater 71a.) 

The phernomena ceinnected with five water-tanks serein weirthy eif special mention, ber- 
cause the simplicity and symmetry of the structure\s were sue*h that the direrctions of dis- 
placermcnt must re^prersent closely directions of earth moverrnent. A larger tank containing 
water for the village supply stood on the mesa abeiut 0.5 mile from the shore of the bay, 
its foundation rising a littler above ther greiunel. It was threiwn in a elircction almost duer 
werst and complerterly demeilisherel, the planks anel staves constituting its siders and bottom 
bedng strerwn oveT a spaerer of 50 feret. (Plate 72a.) The other four tanks werer situaterd 
along the base of the hill betweerri Invernerss and the head of the bay, and helel water fe)r 
sprinkling ther road. Eaerh one ste)e)d on a sepiare perderstal of braced timbers about 10 feet 
high. Ther tank nearest Inverness ferll to ther west, its perderstal yielding anel beung 
crusht. (I^late 72n.) The next fedl to the southwest, and tank and perdestal were both 
crusht. Ther third was shifted 4.5 feet werstward on its peelerstal, both tank anel pedestal 
rermaining uninjured. The pedestal of the fourth stood unchangerd, anel the tank was 
thrown from it toward the west-northwest, being overturncel as it fell. (Plate 71b.) 

Inverness to Point Reyes Light-house , — For the first 2 miles e)f traverl, covering a right- 
line distance of about 1.5 miles, road-cracks were numerous and often large. There werre 
also numerous small falls of earth from the roael erliffs. Beyond that point therre was a 
rapid falling oj0f of such evidence, and tho road-cracks were frequently seen they were all 



A. Buckled water-pipe, luTemeee. Q. K. 0. B. Wrecked water-tank, near InTemeei. G. K. G. 


PLATE 71 







ISOSEISMALS; DISTRIBUTION OF APPARENT INTENSITY. 


195 


small. In the neighborhood of Liniantour Bay (indicated on some maps as Drake^s 
Estero) there are a number of ranch(',s. Most of these showed broken cliiinneys; l)ut at 
a ranch west of the head of the bay 2 brick chimneys stood uninjunMl. At Point Reyt^s 
Post-office, the main residence building was thrown from its foundation of jn-ops and 
shifted 2 fe(;t westward, being badly wrecked. Other buildings of th(‘ sanu*, group were 
not shifted, and 2 water-tanks on high frames seemed to be uninjured. At Mr. Claussi^n’s 
ranch, south of the Post-oflice, 2 buildings were shiftcul a few indues to the south, that 
direction not being determined by their structure but being diagonal to their sidt\s. The 
chimneys were thrown down, plasb^ring cracked, furniture? shifted, and many dislu*s 
broken. A picture was reversed so as to hang face to the" wall. Mr. tUausseiii, being out- 
of-doors at the time, was thrown down. Some cows were also thrown down. 

At the U. S. Life Saving Station, on the coast 3 or 4 miles from the light-house, brick 
chimneys w(?re broken but not thrown down, furniture was moved, dishes w(?re brokcin, 
and the filled ground about the house settled several inches. A mast standing in the 
sand was said to have been h(iav(‘d up s(?veral feet, but its position had been restored b(?fore 
my visit. My informant said that lu? was standing when the shock came, and sat down 
to avoid falling. 

At Point Reyes Light-house the heavy ineclianisrn controlling the? light was shifted 
several inches on its base. A l(?ns ^^jumpcMP’ from its ways. It was so held in place by 
dowel pins that its movement reciuired a lift of about 2 inches. The? only injury to build- 
ings was from the cracking of chimn(?ys. Wooden tanks with water w(?re not shifted. 
One of the light-house k(?epers stated that after the shock he? lookt from th(? window of his 
room, which commanded a portion of the sea near the beach, and saw tlu? water ** boiling,’^ 
but there was no (ihange of the nature of a wave. 

Sumhine Ranch and Vicinity, — I drove to the summit of th(? ridg(* southw(?st of the? 
head of Tomales Bay, finding abundant and strong road-cracks all the way to the crest , 
which is about 1.5 miles from tin? fault-trace. Then? mm) also a nunib(?r of landslides 
in this region, and a considerable number of trws wen? broken or uproobid. There were 
few houses. The only ranch visited, known as the Sunshine Ranch, and occupied by 
Mr. Silver, suffered as sciverely as the houses of Inverness and Bolinas. The house? 
inov(?d southwest 3 f(»(‘t and was badly wracked. The dairy was thrown from its founda- 
tion and wrecked b(?yond repair. The barn, a large building, fell northwanl downhill 
and collapsed. 

Bear Valley, — I drove from SkinncT^s ranch southw(?stward thru a pass in the upland, 
covering two-thirds of tlu? distance to the coast, and n?aching a point about 3.5 miles 
in a direct line from tlu? fault. Th(? most striking (?vidence of vi()li?ncc was shown hy the 
trees. A few w(?ro thrown down, including oaks and spruces; branches were broken from 
others and some spruces had lost their tops. Most of th(?se phenomena were seen within 
0.5 mile of the fault. In the same region are a few sumnuT cottages, which sustained lit t ie 
injury, only the fall of chimneys Iwing not(?d. The club-hous(? of the Country ('lub, 
situated about 1 mile from tlu? fault, lost chirnn(?ys but was not shifted. Oiu? of its barns 
was wrecked, falling downhill in a southerly direction. In this region I saw only a f(?w 
cracks otlu?r than road-(?racks, and tlu? road-cracks wen? unimportant. 

Seven Lakes, — Crossing the main divide of tlu? p(?ninsula near tlu? head of Pine Gulch 
Creek, I followi'd a road to tlu? vicinity of the coast, a district known as S('V(mi Lakes. As 
the trip was made 5 months after the earth(iuake,the evidenci? from road-cracks liad disap- 
peared. There were a few landslidi?s, and a mimber of cracks already mentioiuMl (page 
75) testified to movements of large blocks of ground; but I think these were diu? to a 
peculiarly sensitive condition of the country rather than to the violence? of the shock. At 
2 ranch-houses not far from the oc(?an, chimneys W(?r(? broken but t)uildings wen* not 
shifted. A few dishes were thrown down, but otherwise there was no injury to mova- 
bles or houses. 
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West of Bolinas. — Driving 2 miles west of Bolinas, and looking at buildings from the 
road, I saw very little evidence of injury. At a dLstance of about 0.5 mile from the fault 
a chimney was broken at the roof, but not lower down. 

North of Point Reyes Station. — I drove a few miles north and cast from the station, 
over a high terrace separating the upland from the bay at the east. The injury to build- 
ings was found to be much less there than at the station, and not all chimneys were 
thrown down. A large bam was seen to lean as tho some of its props had given out; 
two water-tanks were wrecked. A few cracks were seen in the ground, but they were much 
smaller and less numerous than at a similar distance on the opposite side of the fault. 

Sausalito to Point Reyes Station. — Ol)servation was made only from the car-window. 
The towns froni Sausalito to P’airfax showed no damage more serious than the loss of a 
portion of the chimneys. The same remark applies to buililings scum along Papcirraill 
Creek as far as Garcia. Beyond Garcia the creek has several reaches of alluvial bottom, 
and some of these were so badly shaken that the railway embankments and trestles had 
to be repaired. Railway traffic to Point Reyes was interrupbul for about 10 days. 

Ross to Bolinas. — This road was driven over 8 days after the eartluiuake. In the 
village of Ross houses were not shifted. The principal injury is to brick chimneys, of 
which probably more than one-half fell. A group of stone buildings on a hill lost heavy 
stone chimneys, and there was injury to a tower. Some stone femses on alluvial ground 
were in part thrown down. These fences were of undrest stone, loosidy piled. In San 
Anselmo most of the brick chimneys wore broken, but other injuries in that town and in 
Fairfax appear to have been slight. Along the road from Fairfax to Bolinas Ridge, the 
only evidence of the carthciuake consisted of small road-cracks, with occasional stones 
fallen from the road-cuts. Those evidences of moderate disturbance continued down 
the western s1o|M! of Bolinas Ridge to the edge of Bolinas Lagoon. A house standing in 
the middle of the valley, probably 0.25 mile from the main fault, showed from a distance 
evidence of considerable disturbance. Its chimneys were broken, the house itself had 
probably been shifted on its foundations, ami one of tho outhouses was out of plumb, 
apparently having slidden downhill toward the northward. The house was not visiletl, 
but was merely seen from the road. 

The general fact brought out in this drive was that the region about Ross and Fairfax 
experienced a shock comparable with that at Berkeley, and there was no evidence of 
higli intensity until the fault-trace was clo.sely approached. I.andslidns were not seen 
<!ast of the lagoon, and the road-cracks east of the lagoon were not important. 

Mill Valley to Bolinas. — At Mill Valley the visible injury was chiefly to chimneys. 
Extended enquiries were not made ; but no reports were heanl of destruction to furniture. 
The houses were not shifted. The buildings at We.st Point, on the Tamalpais Railway, 
did not sulTf^r; and I was told that there was no injury from the earthquake at the hotel 
on the summit of tho mountain. From crags on the south slope of Mount Tamalpais, 
stones were detached and rolled down the slope. The same thing occurred near Willow 
Camp. From West Point to Willow Camp there are no buildings, road-cracks were 
small, and no landslides were seen. A few stones hill to the road from th<i side of the road- 
cut. A ranch 0.5 mile east of Willow Camp showed no injury to buildings. At Willow 
Camp all brick chimneys fell, several houses moved a few inches toward the southeast, 
and dishes were thrown from shelves. A tall house 0.5 mile to the northeast was appar- 
ently not disturbed, and nitained its brick chimney. Farther up the shore of the lagoon, 
and nearly opposite Dipsea, some farm buildings seemed to have been so disturbed as 
to be thrown out of plumb. They were not visitetl. At Dipsea 2 summer cottages were 
moved a few inches to the southwest, or were wracked in that direction. The hotel was 
swayed in the same direction, but the building withstood the shock. The barn, a rather 
large building, was thrown from its underpinning, falling toward the lagoon. 
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Distrihvtion. — The variation of intensity with the character of the geologic formation 
is evident at various localituis, but most conspicuously at Bolinas, where th(! (U'struetion 
on alluvium at the bottom of the little vall(;y was very much gniater than on th(! hills 
immediatidy adjacent. Nevertheless, the data are not sufficiently full for a satisfactory 
discussion of this phase of the distribution of int(;nsity, and I have therefore tricid to 
make allowance for differences of formation, and in that way obtain a general conception 
of the distribution of intensity with reference to the fault and the Rift. 

The intensity was greatest on the line of the fault, but did not diminish rapidly toward 
the east and west within the Rift Ixilt. In a general way the intensity was greatesr in tin; 
Rift belt than on eith(!r side. On the ea.st it fell off rapidly — almost suddenly — at 
the limit of the Rift. On the west it fell off gradually, ixfing nearly as high at a distance 
of O..*) mile or 0.75 mile from the rift as at the wlgc of the Rift. In a general way the 
intensity west of the Rift was greater than at the east. My conception of the distribu- 
tion on a line nortnal to the Rift is exprest by the following curve (fig. 50), but this 
should not ixi subjected to measurement, as 
its ekfincmts are not definiUdy (luantitative. 

It is a generalization from data that are 
heterogeiH^ous and by no means complete. 

In a geiK'ral way the distribution of high *''"*• — C«rvp illustraliiiK lilstribntinn of intensity ill 

llltonsity follows tho (listributlOll of bed- above horizontal line represents iiitensity. 
rock cracks. InvtTiicss, where the injury 

to .structures on firm ground n^ached a maximum, is fravtTsed by important bedrock 
cracks, some of whieh are to be* accounted as branches of the main fault. The high 
ridge west of (he main valley, over wdiieh tlu' intemsity was nearly as great as along th(j 
Ilift, was also characU^rizf^l by many important iK'droek cracks, and by a geni'ral 
dcTangement- of the underground circulation of water. Tlui district east of the Rift, 
where the intensity rapidly diminish(‘d, was practically exi^mpt from bedrock cracks, 
and its underground circulation was not disturlxHl. 

No/c.s h\j other observers (R. S. Holway). — A bridge about 0.75 mile* southeast of 
Point R(‘yes (toward San Francisco) went completely dow'ii, causing several days’ delay 
to trains. The* track had had several horizontal IxMids of a fe^w ineh(‘s. 

The “fills” across tlu' arms of Tomales Bay generally sank from 2 to 8 f(‘et. The 1,000- 
yard fill about 2 miles north of Point Reyes Station sank from 0 to 8 feet; as did the next 
fill, which is some 500 feet long. In one or two instances (lu‘ pil('-supj)orted l)ridg(' in 
the middle of the fill r(»mained at grade. .Just above Hamlet a (nestle*- work which had 
been filk'd in settled, heaving the trestle-work soiikj 2 above. The lx)ttom of the bay 
in these arms is usually sand. 

At Hamlet (|uite an ('xtensive landslide has start('d in the hillsides above the track. 
The railroad rut is in old rock, and the arch of the luwl of thv. slide is sonu^ 70 hx't above 
the track. The (country wagon road has been carried away by the slide for possibly 100 
yards. 

Miss Margaret Keating, a teacher at Marshall’s, just at the close of the (’tarthquake saw 
two wavi's coming from the opposite side across the Bay; that is, the length of the wave 
was parallel to the main Rift. Th(‘ waves were from 0 to 8 feed high. 1 he waves eanu^ 
nearly to the top of the tr(*stle, and also up to ecTtain willows whieh slu^ indicated, both 
points roughly indicating a w^ave of the height she mentioned. 

At Marshall’s a hot('l and a stable l)uilt on the west sidci of the track and on under- 
pinning, resting in the* tidal flat, went easily and gently into th(‘ hay. The oeeupanls of 
the hot(‘l did not realize that th(‘ hotel had fallen, but at first thought th(‘ water had 
risen. At the post-office store* g(X)ds were thrown from the* we'st wall, but scarec'ly a(. all 
from the oast. 
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Gcorgo H. Covert, of Cypress Grove, about 0.5 mile north of Marshall’s, states that on 
the morning of April 18 he saw a wave 8 to 10 feet high, and white-capped, come broad- 
side on to the east side of the bay immediately after the shock. That is, the wave-crest 
was parallel to the axis of the bay. The ground has a gentle slope here, and the wave 
did no harm. Mr. Covert gave a clear, intelligent account, and fully corroborated the 
testimony of the teacher at Marshall’s. 

The island in the bay nearly opposite Hamlet was visited, but no sign of the fault was 
found. Tomales Point, west of the bay, was crost at the “Gum Trees.’’ Small land- 
slides were found on the bay shore on the ocean side of the point at various places. On 
the peninsula no cracks were found. At one place on the ocean shore a projecting grar 
nitic, rocky spur was much crusht and ground in the narrow neck connecting it with the 
mainland. The spur is about 30 feet high and 50 feet long. 

Prof. E. Knowlton gave an account of the damage caused by the earthquake at 
Bolinas and vicinity in the public press, extracts from which are hen; quoted : 

Along the main street of Bolinas stand most of the houses, not far from fifty in number 
and all frame. Of these about two-thirds were heaved, slid, tipt, and shattered into unin- 
habitable condition. No fatality occurred. As in San Francisco, most of the chimneys 
came down, but the shock was much more severe in Bolinas than in San Francisco. Along 
the bay shore were 7 buildings. Of these 6 went over or down. At the Flag Staff Inn the 
tipping of the house has thrown it so far east into the bay that one may sit along the upper 
edge of the parlor floor and fish in 4 feet of water along the opposite edge of the same room. 
The village church was pitched forward and downward, falling 3 feet; pews were torn loose 
and pitehed about, with walls and ceilings cracketl and shattered. The large new 2-story 
building now containing the Post-office, 50 x 30 feet, was swung 5 feet off its concrete foun- 
dation at the north end. Back of the Steele place, near the north end of the lagoon, the hill- 
side started eastward toward the lagoon, bulged upward, and cracked into several fissures 
from 30 to 100 feet long and from 5 to 18 inches wide. The great ocean bluffs along the 
south and west of the entrance to Bolinas Lagoon, some 165 feet high, crumbled and fell, 
crashing down upon the ocean beach and reducing the slope of the bluff to half its former 
angle. The two bluffs along the stage road from the head of the lagoon to the town also 
broke and fell from 4U to 60 feet, completely blocking the stage road along the lagoon beach. 


BETWEEN THE COAST AND SANTA ROSA VALLEY. 

Tomales, Marin County. Population 300. (R. S. Holway.) — The Catholic Church, a 

fine-looking stone building, was completely wrecked (plate 81 d), as were the brick bank 
and saloon, and a stone store building. Several frame buildings were pitched from their 
foundations and wrecked. A brick chimney on the United States Hotel was pitched north 
and w(;nt over the porch, falling in the strc(;t. All chimneys were down. Cracks were 
reported in the street and near the depot. Just north of the depot there was an ex- 
tensive landslide along the railroad, which threw oik; track over the other. (Plate 129 a.) 
In the cemetery 18 square monuments fell north or south, 11 north, 3 south; 3 square 
monumenfs fell cast or west. No monuments of any size were left standing except 3 
heavy and relatively low rectangular stones. In another cemetery, 0.5 mile out of town, 
20 monuments fell north and south, and none east or west. Four monuments were left 
standing. A small spring started in the ba.sement of Mr. Cornett’s house, which stands 
on the hillside near the depot. A stone dwelling 1.5 miles southeast of the town was 
completely wrecked, killing two people. (Plate 81c.) At Freeman’s, 3 miles north- 
east of Tomales, a large landslide was cau.s(;d by the shock. (Plate 129 b.) 

(Mr. Donell.) — At noon, April 17, the plaster fell in a store and broke the show-cases. 

DiUon’s Beach (R. S. Holway). — Chimneys were thrown from the small cottages, but 
one chimney on the main building remained standing. 
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Tomales to Petaluma (R. S. Holway). — Route, eastward to corner south of Two 
Rocks, and then southward to Walker Creek; thence eastward to Petaluma. 

The stone house which fell and killed two girls is on this road, less than 2 miles from 
Tomales. Chimnej^ are generally down, but there are several exceptions. Between 
the lagoons (5 to 6 miles south of west from Petaluma) increased flow of spring water 
is reported. No cracks are reported in the low alluvial land around the lagoons nor in 
Chileno Valley. 

Valley Ford, Sonoma Couniy. Population 300. (R. S. Ilolway.) — There are only 3 

brick buildings in the village. One entire wall of the bank fell ; other walls were par- 
tially wrecked. The walls of the other two buildings were partially wreck(!d. A large 
frame house just west of town shiftctl from its underpinning and was badly wrecked. 
General loss of chimneys and minor damage to small buildings resulted from the shock. 
There are quite a numlKir of cracks in the flat valley-l)ottom adjacent. A landslide of 
several hundrcid yards in length but of very slight movement is found on the side of the 
valley directly east of town. The slide has moved just enough to make a furrow-like 
ridge on the lower side and has developed cracks on the upper side. Other small slides 
occur in the vicinity. 

(H. M. LeBaron.) — Valley Ford is about 25 feet aVjove tide water, and there are rocks 
near the surface in many places. Chimneys and objects were thrown north and south ; 
the motion of the shock was north and south; and no vertical movement was felt. Brick 
buildings were partially destroyeil, and many chimneys were thrown down. The foun- 
dations of many wooden buildings were damaged, some foundations giving way entirely. 
A large, well-built wooflen residence of two stories was thrown to the south 3 feet and to 
the east one foot, and caused to drop down 3 feet. 

Bloomfield, Sonoma Cownly. Population 200. (R. S. Holway.) — This village is on the 
north side of the little valley running (lastward from Valley Ford. The 3 brick buildings, 
two stores and a dwelling, were wrecked. Every chimmiy but one reported down. 
8(iveral frame buildings shifted on their foundatioas. The cemetery is very badly 
wrcH'-ked ; aliout 80 per cent of the larger stones fell. Of square monumtmts of approxi- 
mately the same class, the direction of fall was north 11, west 14, south 8, east 0, south- 
(iast 1, total of this class, 34. 

Bodega, Sonoma Couniy (H. C. McCaughey). — TIu! town is on a hill slope anil creek- 
bottom in a valley surrounded by hills. Cliimneys and objects w'cn; thrown southerly. 
Several housi's were shifted on their foundations, and all chimneys were thrown. Good 
frame buildings with strong foundations were not hurt. There arc no brick buildings in 
the place, but a mile from town there is a brick bark-drier. Altho this building is small 
and the brick work was Irnund together with iron rods, it was thrown into a heap. 

SANTA ROSA. 

In the section of the Coast Ranges inland from the coast, Ixitwcen the latitude of Ilcalds- 
burg and the Bay of San Francisco, Santa Rosa first claims attention. This city, with 
a population of 6,700, suffered relatively more than any other place in California, except 
perhaps Sebastopol and Fort Bragg. Prof. R. S. Holway made a study of the effects 
of the earthquake at Santa Rosa and the surrounding territory, and an excellent report 
by this observer follows : 

Santa Rosa lies on the eastern side of Santa Rosa Valley, which is here some 7 miles 
wide. The valley floor is a gently sloping alluvial plain with an average elevation of about 
160 feet within the city limits, falling with a slight grade to the swampy lands adjacent to 
the Lagu "” de Santa Rosa, which runs close to the foot-hills on the west. The elevation at 
the Sebastopol railway station is but 68 feet above the sea. 
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Santa Rosa itself is on a low-grade alluvial fan which heads in a narrow gap in the 
foot-hills bordering the town. This gap connects with a basin of some 40 square 
miles, which empties its drainage on to the Santa Rosa fan, in a stream that formerly 
shifted its course over the slopes. Old channels are still to be found in places, 
altho they are usually filled by the grading for streets and buildings. A bridge formerly 
crost the main channel on Tenth Street, near Mendocino. The approximate course of this 
channel is shown for a short distance on the accompanying map, No. 16. The present course 
of the creek was adopted but recently, according to the testimony of early settlers. The 
wells in town are shallow, and none were reported that ha<l been sunk thru the alluvial de- 
posits to bedrock. With these physiographic conditions, it will be seen that the alluvial 
fan upon which the town lies must have been filled nearly to the surface with ground water 
during the early springtime. The physiography of the vicinity is one of the factors to be 
considered in discussing the great destruction which was caused in Santa Rosa by the recent 
earthquake. 

The shock of April 18 and the ensuing fire caused a loss of life of 61 identified dead, with 
at least a dozen “missing,” and practically destroyed the business portion of Santa Rosa. 
(Plates 74, 75, 76, 77, 78, 79.) The equivalent of some 7 to 8 blocks was destroyed by the 
earthquake, and from 4 to 5 blocks by the fire. Conflicting reports are of course given as 
to the extent of earthquake damage in the burned district. The insurance companies have 
worked without any joint commission and no data were obtained from their agents. Judg- 
ing from the unburned blocks adjacent, the buildings in the burned area were badly wrecked. 
One man told me that a book-store — Fourth Street, between Mendocino and B Streets — 
was not badly hurt by the quake and that he was in the lower floor and there was not much 
damage. In continuing his story, he stated that people were burned to death in the upper 
story of the same building because they were so caught in the debris that they could not 
be extricated. 

The accompanying map (No. 16) shows the areas destroyed by the earthquake, and by 
the fire, as plotted in the office of the county surveyor, Mr. Newton Smyth. Other busi- 
ness men have since examined the map and agree to its substantial accuracy. 

The residence portion of the town suffered to quite an extent. Chimneys were generally 
thrown down or so badly cracked as to necessitate their rebuilding. From twenty to 
twenty-five residences were thrown to the ground by the collapse of their underpinning, 
and badly wrecked. In cases which I personally inspected, houses close by, on ground 
apparently just the same, were but slightly damaged. The difference seemed to be in the 
character of the structural work. No uniform direction of fall was found in the wrecked 
residences. The reports of residences thrown “so many feet” were accounted for on in- 
vestigation by the height of the underpinning which evidently determined the amount of 
motion. The accompanying photographs are illustrations. Thruout the town there were 
numberless minor injuries to plaster and fragile articles. 

The physiographic results of the shock seem to be confined to some minor cracks in the 
vicinity of the cemetery with the possible addition of some small cracks near the creek bed 
adjacent to the tannery, as given in the detailed report below: 

Mr. J. C. Parsons, city engineer, reports that he has found no changes in alinement since 
the shock. He thinks there are no changes in level, but has not yet made any accurate 
measurements of level. No disturbances of streets or sidewalks were found, such as are 
common in San Francisco. 

Below are some detailed reports obtained from residents of Santa Rosa and vicinity. 
Few people on the street at the time of the shock were so situated as to make any valuable 
observations of the immediate and direct results of the earthquake. 

Mr. J. W. Brown was living on Tupper Street, between Main and Brown Streets, about 5 
blocks southeasterly from the court-house. His testimony is of value, as he was not dis- 
tracted by any destruction of buildings in his immediate neighborhood. He was up at the 
time of the first shock and went outdoors to see if he could notice any waves in the ground, 
earthquake waves having been a subject of discussion with him in recent conversation. 
On going outside he heard a great noise from the west and saw the treetops waving. The 
noise and motion of trees approached him, and he took hold of a small tree near by for 
support. This tree was torn from his grasp. The ground seemed to be in waves “ about 
2 feet high and 15 feet long.” Looking toward the court-house, he saw the dome swaying 
west and east, “maybe north of west,” more or less in line with him, he added. The dome 
fell with about the third swing which he noticed. 

Mr. Green Thompson was engaged in street sweeping at the time of the shock, and first 
heard a rumble like a wagon going over cobble-stones. He ran around the corner (Third 
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and Main Streets) and stood in the street between the Grand Hotel and the court-house. 
He states that he saw the dome swinging southeast and northwest, tho later in describing 
the motion he added that it was swinging up and down Third Street, which runs south of 
west and north of east. “ With the last swing the ground came up short and stopt,"' and 
then the building fell. ‘‘All the buildings fell at once; no one first.” The dome of the 
court-house fell east. Down Fourth Street the dust was so great that he could see nothing. 
He is sure that he heard but one crash. 

In general, inquiries as to direction of fall of buildings met no definite answer, or else the 
answer was very definite with no indication of good observational basis. Many told me 
that there was no direction of fall; that the buildings simply crumbled to the ground. 

The Masonic Temple and the Theater, I was told, fell so directly downward ** that the 
debris did not extend beyond the walls 10 feet in any dirertion.” This was substantially 
my observation on passing thru the ruined district on May 1. 

Mr. M. W. Kcithby, the watchman at the tannery, F and Second Streets, says that the 
liquor in the vats was thrown straight up and then splashed out on all sides. The tanks 
ti|)t to the west. A 3-story frame shoe factory on the north side of the tannery grounds 
wont completely down — being flattened with but little direction of fall. One of the fore- 
men said that the fall was slightly to the north and that heavy machinery was found close 
to the north wall on the third floor. 

A teamster working in the creek just south of the tannery says that he noticed cracks an 
inch wide and several rods long a few days after the shock. He “ thinks the cracks were not 
there before.” 

Mr. Searey, a teacher in the High School, stated that the vibration was east and west. 
In describing the shock, he stated that in coming thru a doorway facing west, he was 
thrown against the north casing. 

A rather large 1 -story frame building on Eighth Street with a brick and stone founda- 
tion was shifted N. 3° W. On A Street, near Fifth, a cottage fell to the south. The 
house at Johnson and Mendocino Streets fell to the north, while of the two houses at Men- 
docino and College Streets, one fell southeast and the other north. On Fourth Street, 
near E, a residence fell to the east. On MacDonald Avenue, Mr. Weaver found two houses 
that fell to the north. The lack of harmony in the direction of fall, and the short time, pre- 
vented an investigation of the direction of fall of all the residences wrecked. 

The main Santa Rosa Cemetery, just beyond the city limits on the northeast, was badly 
wrecked, but not to .such a degree as the cemetery at Sebastopol. The direction of fall of 
monuments was carefully noted, but no indication of regularity resulted. Of square 
monuments of apjiroximately equal size and conditions, 12 fell north, 10 south, 7 east, and 
J3 west. (See plate SOa, b.) 

The most marked physiographic effects in the vicinity of Santa Rosa were found near 
this cemetery. Just north of the cemetery hill is a swampy depression. Part of this 
settled 2 or 3 feet with the formation of a crack along the side, extending for .some 200 feet. 
The cemetery is on a low hill which the sexton reports a.s being .sand, gravel, and clay, but 
which shows a rocky outcrop, on the eastern side, near the bas(‘. A crack an inch or more 
wide was found on the northern end of the hill near the swamp mentioned above. This 
crack could not be followed for more than 100 feet, altho the sc'xton reports that at first it. 
extended 2 or 3 times that distance. A small water-pipe on the .southern part of the hill, 
running north and south, was pulled apart. A pipe on the northern part of the hill, run- 
ning ea.st and west, is reported by Mr. Weaver as pulled apart about 4 inches. On the .south- 
west of the cemetery hill, Mr. John Liv.sey reports that several fine cracks formed acro.ss 
the road running north and south, and that the dust was blown away near the edges of the 
tracks. He also reports that the trees along the road were swinging very definitely in line 
with the road, which here runs northwest. The only other physiograi)hic (effects found were 
at the (bounty Hospital, a little more than a mile north of the cemetery. Here low' ground 
at t he foot of a small hill sank for some 2 feet and springs were formed. These springs were 
reported as still running the last of July. No connection could be found betwwn the dis- 
turbances at the cemetery and the ho.spital. In the cemetery a large tank fell to the north. 
The tank was close to the water-pij)e that was pulled apart on the north and south line. 

At the (latholic Cemetery, some 2 miles southeast of Santa Rosa, only one monument 
fell out of some 20 of the cla.ss that were commonly overthrown at the main cemctcr 3 ^ 
Going farther southeast thru Bennett Valley, no physiographic effects were discovered 
and few chimneys w'ere thrown down. 

Not knowing of Mr. Butler’s trip to the southward, I duplicated part of his work to the 
south of Santa Rosa, on the Petaluma road, with the same results as stated in his report. 
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Up the alluvial slope of Copeland Creek about 7 miles south of Santa Rosa, I found that 
chimneys were much more damaged than on the road northward from the creek to Santa 
Rosa, which usually follows the edge of the foot-hills. 

Northeast of Santa Rosa, Mr. Butler reports that along the road to the Rincon District 
the damage was very slight, as it was also on the road running northwest from Santa Rosa 
toward Fulton. This road, it should be noted, keeps close to the foot-hills. 

The most severe damage in the country around Santa Rosa was found to the westward in 
the vicinity of Sebastopol. 

The great damage in Santa Rosa may be accounted for by the physiographic conditions 
and by the weakness of the buildings in many cases. The sand for mortar has usually been 
obtained from the creek and contains considerable loam. Some of the mortar seems to have 
been made with good sand and with cement. The old bank building, just west of the court- 
house, stands alone in that part of the wrecked area, a monument to good work. Usually 
thruout the wrecked area the mortar taken from the walls is easily crumbled to incoherent 
sand by pressure of the fingers. 

(K. C. Jones.) — Very little damage was done to the gas mains in Santa Rosa as a result 
of the earthquake, but there were several explosions in the mains during the fire which 
followed. In several cases the cast-iron mains were blown apart; and when uncovered, 
the ends were found to be separated from 1 to 3 inches, according to character of ground. 

At the generating plant the damage was principally to the brick building. The entire 
east wail fell outward, and the remaining walls were badly crackixl. The columns of 
the gas-holder frames were thrown down, and the water-level in the tank was lowered 
alx)ut 6 feet. The holders were twisted out of position about 20°. 

(C. T. Wright.) — There seem to have been two distinct motions in Santa Rosa, one 
from north to south, or more properly from north 30° west to south 30° east, the other 
roughly from west to east. The former motion seems to have been noticeable over a 
larger area and probably was the more violent. There is a Ixilt along the Northwestern 
railroad tracks in which the west-east motion was specially noticeable, as shown by 
observations at the flour mill, the woolen mills, and the cannery. West of this belt, at 
the tannery on West Sixth Street, a distinct north-south, or northwest-southeast, motion 
was indicated, while east of this belt, in the region from Washington Street to A and B 
Streets, the northwest-southeast motion was specially evident and is the predominant 
motion. At Humboldt Street it becomes somewhat confused. 

Most reports agree as to “choppy,” rotary, or up-and-down movements following the 
pronounced horizontal movement, or between successive horizontal movements. This 
suggests interference of waves. The observed phenomena might be explained by the 
passage of a series of long, very rapid northwest-southeast waves of great intensity; 
and simultaneously or immediately following the beginning of this series, a second series 
of comparatively short west-east waves. Supposing the ensst of the latter to have 
reached a line in the neighborhood of Washington, A, and B Streets, and the trough of this 
seritis to be near the Northwestern railroad tracks when a crest of the northwest-southeast 
series swept down, the two motions would tend to neutralize each other in the neighbor- 
hood of the railroad tracks and augment each other in the other district. It may be 
supposed that after the passing of this northwest-southeast crest and before the passage 
of another, the west-east waves were specially noticeable near the railroad tracks and 
did their destructive work there. If this theory b(i correct, another “trough” should Ixs 
found between Mendocino Street and the Southern Pacific railroad station. The some- 
what promiscuous directions of falling objects on Humboldt Street might indicate the 
approach to this region. To test the theory would require further observation. 

(Marvin Robinson.) — Mr. Robinson of Santa Rosa states that he was just across Fourth 
Street and north of the court-house, and that at first the dome of the court-house seemed to 
be almost over him, and a few seconds later fell directly east. The brick buildings near 
him all fell east. He believes the street to have been vibrating in a vertical direction at 
the close. 
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(Charles Kobes.) — The vibrations in Santa Rosa were at first north and south, then 
east and west, and finally vertical. Mr. Kobes relates an instance in regard to the earth- 
quake which occurred about 8 years ago. At that time sulfur fumes came up from under 
his house which almost drove his family from home. On April 16, two days before the 
shock, sulfur fumes came up equally as strong, and he told his family that he believed it 
meant another earthquake. 

(Mr. Miller.) — The vibrations in Santa Rosa were at first north and south, then cast 
and west, and finally vertical. 

VICIFITT OF SANTA ROSA. 

(Drury Butler.) — Near the top of Taylor Hill, in a marshy place, there was a landslide, 
the, earth having slid on a clayey bottom. In Bennett Valley the country is hilly, with 
some underlying basaltic formation, and very little damage was done. Beyond a dis- 
tance of about 3 miles from Santa Rosa, only an occasional chimney was found that 
had been injured, and the effect was much less as higher ground was reached. Along the 
Sonoma road to the Rincon district school, beyond 2 mihis from Santa Rosa, the damage 
was very slight. The road follows the creek, but here the hills come down to the creek. 
Over half the chimneys w(Te uninjured, and none were comple.tcly thrown down (!xcept 
right along the (Tcick. No bottles nor glasses were thrown from the bar-room shelves. 
Along the creek the shock was more severe than back from it. In the vicinity of the 
Sonoma County Hospital, the soil is very like the Santa Rosa soil and the shock was felt 
more. Classes and bottles were thrown from tin; shelves in the bar-rooms, and at the 
hospital a marshy place along the creek slipt toward the creek and the flow of springs was 
greatly incri'ascd. Th(' hospital also was pretty badly damaged. A trip was made out 
on the P(!taluma road to the CojK'lantl district scho«‘)l, then to Cotate, to the Durham 
district school, and back to Santa Rosa. The road followed the bases of the hills for 
about 7 miles, then turnenl into the valley and was on the valley floor the remainder of 
the way. On tlu; hillside very little damage was done, even to chimneys, while in the 
valley the ehimneys were as a rule thrown down. I could h(!ar of no cracks in the 
ground in the; valley; and in only one place, atx>ut 2 miles from Santa Rosa, on 
the P(!taluma road, could I htiar of any increase or change in the. flow of springs. 

From these observations it was apparent, that lines of (*qual intensity would follow the 
contour and geological lines of the country, and that the character of the soil on which a 
building stood determined tlu; (iffect ujM)n it, or the apparent intensity of th(' shock. 

3'hc gcineral motion of the waves of the earthquake, as reported to me, was from north 
to south. 

Cotate (C. L. Jeffrey). — At Cotate, 9 or 10 miles .south of Santa Ro.sa, on the open 
level floor of the valley, the surface of the earth wavtsd like wat(!r ; objects were thrown 
soutluiast; hanging objects swung northeast and southwest. Only one ma.\iinuin was 
ob.serv(id. Trees sway(Hl heavily, and there was a sound as if a strong wind wen; coming 
Inifore the earthquake began. 

IFe/fs East of Santa Rom (K. S. Larsen). — At the city pumping station, l..'> mih's east 
of Santa Rosa, t here are 4 wells dug .W feet and connected with a tunnel 4r)0 feet long. 
Within each well there is a bored well 8 inches in diameter and 108 feet deeper than tlui 
dug well. The water bc^gan to ri.se immediately after the shock, and has risen, May 8, 
1906, 15 fe(!t higher than it was before, altho the pumps have been run to their full 
capacity. The water tastes more of sulfur since the shock. The shock caused the pipes 
and lx>ilcr to leak. 

At Peters’ ranch the warm spring was little aff<!c.ted. Mr. Peters, the younger, says 
that for a day or so after the shock the water in the spring was lower, but that it is now 
normal. 
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Sebastopol, Sonoma County. Population 1,300. (R. S. Holway.) — Several buildings 

were completely wrecked. (Plate 81 a, b.) The 2-story Knowles Hotel, a frame 
building, veneered with brick, went com{)letely down, flattening the first story. The 
walls of the hotel fc^ll out, so that the occupants of the rooms in the second story walked 
out on the ground level. The upper part of a brick stable was wrecked ; also the upper 
part of the Walker Building, which is to the north in the same block. Three stores just 
south of the post-oftice were (completely wnecked. North and south side walls both fell 
south, one falling out, the other into the building. The contcents were badly scattered. 
A new frame house, a 2-story structure, was moveed from 3 to 8 inches on the concrete 
foundation and the walls w(*r(c cracked and wrenclucd. 

Th(c cemel.(‘ry, about 0.7 mile west, is more severidy wreckced than the Santa Rosa 
Cemetery. Nearly 90 per C(cnt of the monuments of any size weere thrown down. (Scce 
platcc 80c, D.) The great majority of scpiare monuments fccll south. The htcavy Talmagc 
rnonuiiKcnt was moveed southeast on its bas(c. The sheet h^ad imd(3r thcc soutlucast coriucr 
shows one set of regular stria'; the head undeer the north corm'rs is untouched. Cracks 
occur in the ground near the cccmetcry and near the Burbank ranch. 

Mr. R. M. Hathaway, writing from a placjc 3 miUis northwest of Sebastopol, sends the 
following information : 

Many frame buildings in the vicinity were thrown from their foundations and some of 
them so damaged as to be uninhabitable, (-himneys were all shaken down, also brick 
furnai^es. There are no brick buildings around here. The eartlujuake at my point of ob- 
servation seemed to have an oscillatory motion, the vibrations traveling north and south. 
My house is a two and one-half story frame building on a low ridge of sandy hills running 
north and south, west of and parallel to the Santa Rosa Valley. All objects seemed to have 
a tendency to move toward the south. All furniture against the north walls was thrown 
down violently, some on the south wall going down also; while some remained upright as 
tho supported by the wall. Furniture against the east and west walls was moved toward 
the south. 

The chimneys all fell to the south. Window casings on east and west walls were wrenched 
so as to break some glass. Injury to the frame houses in the vi(unity, apart from damage 
due to falling chimneys, seemed to consist in throwing them from their foundations, and 
where a house consisted of several portions in the form of wings, these were separatc^d. The 
foundations in some instancies crusht, letting the buildings down to the ground. Well- 
constructed frame buildings, where the foundations were low, did not collapse. At the 
Sebastopol Cemetery, about a mile west of Sebastopol, the monuments were nearly all over- 
thrown, falling in all directions, altho 1 estimate that fully half of them, if not more, fell to 
the south. I did not notice any change in water level, the change if any being small. There 
were some fissures made in the ground near here. 

President David Starr Jordan contributcis the following note ndative to tho tifT(icts of 
the earth(iuake at Sebastopol: 

The violence of the recent earthquake was very great at Santa Rosa; mu<;li less at Peta- 
luma, which is equally near the crack and on still flatter ground ; and still less at San Rafael 
farther south but the same distance from the earthquake Rift. At Sebastopol, 0 miles 
west of Santa Rosa, the violence was relativ(‘ly still greater, the village being tremendously 
shaken up. At Jiurbank’s farm, 0.5 mile west of Sebastopol, I noted these things: In the 
lot adjoining, to the south, the soil ))eing clayey, there is a large crack running northwest 
and southeast, or nearly so, and, according to Burbank, 0.25 mile long. It runs thru the 
fields and weeds, and was very distinct on August 6. The end of this crack comes up 
against the sandy hill occupied by Mr. Burbank's orchard. The crack docs not show itself 
in the hill, but on the east side of the line of the crack the rows of trees and plants were 
shifted toward the south — or, if you prefer it, those on the west side toward the north — 
2 or 3 feet. A well of Mr. Burbank's, sunk in the sandy ground, is bodily shifted, without 
being injured, along with the rows of plants between which it is jdaced. No crack appears 
at the surface in Burbank's ground, but on the other side of the hills, to the north of it, I 
was told the crack reappears. 
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According to the record of Matthes and Holway, similar cracks appear in the same line 
4 miles and 9 miles north of Petaluma, and there seem to be other breaks on the way toward 
Point Delgada. It seems certain that this first crack is an earthquake rift, and that the 
disturbances at Santa Rosa and Sebastopol are due to this and not to the main Rift which 
lies parallel to it to the west. 

Mr. G. K. Gilbert also visited the Burbank farm at Sebastopol, and contributes the 
following note referring in part to the cracks discust by President Jordan: 

Mr. Luther Burbank gave mean account of personal experiences and of various phenomena 
at Santa Rosa, and I record such items as are supplementary to Professor Holway's report. 
Mr. Burbank was awake at the time, lie immediately got out of bed, but found he could 
not stand, and settled back against the bed, holding on to the window casing and bedpost. 
The initial impulse was from the west, and during the first j)ortion of the earthquake the 
motion was ostnllatory, cast and west. Then it became oscillatory north and south, and 
at the close there was a complex motion which he compared with that of a vessel in a choppy 
sea. Prom the window he saw tn^es waving, and after the tremor had ceased he seemed to 
s(*e a continued disturbance in the foot-hills at the cast, as tho the tremor was retreating in 
tliat direction. He said that practically every one in Santa Rosa who was on foot at the 
time was thrown to the ground, but that men on bicycles were not upset. During more 
than 30 years’ residence in Santa Rosa he had felt about 130 earthquakes. None were 
comparable in violence with the recent one, tho several had broken cliimneys. A number 
of eartlujuakes which were felt generally in Santa Rosa had not been felt at all in Sebastopol, 
and he thought that Santa Rosa was peculiarly subject to shocks. 

A shock was felt in Santa Rosa on April 17, 19(M). 

Mr. T.awrence, foreman on Mr. Burbank’s farm at Se])astoj)ol, stated that rtien standing 
or walking at the time of the shock were thrown from their feet, as were cows and horses. 
The small house on the Burbardc place w^as moved from its foundations a few inebes down- 
hill, and Mr. Lawrence mentioned a number of houses which luid moved various distances, 
tlie direction in every case being downhill. On the Burl)ankfarm a small landslide occurred, 
a layer of moist soil only a few feet in thickness moving down the slope, introducing bends 
in various lines of cultivated plants. I saw another feature of this sort on an adjacent farm, 
and was told of others which 1 did not visit. 

In a general note on the intxmsity of the eartlujuakc, appciriih^l to detaihid observations 
which have benm incorjiorated in the foregoing account of the distribution of intensity, 
Mr. G. K. Gilbert says: 

In general the violence seems to have been less in Petaluma than in Sebastopol, Santa 
Rosa, or Maacama, notwithstanding the fact that it is nearer the main fault. As compared 
with Sebastopol and Santa Rosa, however, Petaluma seems to be on relatively firm ground, 
excepting a small district bordering the marslies. In a general way, I think the relative 
violence in the three towns corresponds to the (!haracter of their foundations, l)ut consider- 
ing the district as a whole, in relation to districts nearer the main fault, it is clear that the 
intensity was exceptionally high. 

AHruria, Sonoma County (R. S. Holway). — About 5 miles north of Santa Rosa, at 
Altruria, cracks are said to have oi)ened in th(! road, and springs to have flow(^d for a 
short time. There was no indication of cither last May. 

Mark West Sjmngs (R. S. Holway). — Tlie concrete w^alls of several springs wen' 
cracked and damaged. Chimneys fidl on the house. The springs arc report(*d as Howl- 
ing much more freely, and the temperature of two of tlieni is said to be very much higher 
than before the earthquake. They are now quite warm to the hand, and it is said that 
they were formerly cold. I could get no reliable information as to temperatures, as no 
records wore kept. The increased flow is independently indicated by circumstantial 
evidence. 

Windsor. Population 130. (R. S. Holway.) — Here 2 or 3 bri(!k buildings w(^rc badly 
wrecked, and tho water-tank at the railway station was overthrown. The ceineteiy 
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about 1.5 miles south of Windsor is on low, rolling hills. Only 4 monuments out of 35 
to 40 of the class wrecked at Sebastopol and Santa Rosa were tlirown down. 

Gvemeville. Population 500. (R. S. Holway.) — In this town all brick buildings were 
badly wrecked. Chimneys generally fell. The Commercial Hotel, a frame building, 
was twisted slightly, contraclockwise. Under the house of Mr. Turner, which is built 
on piles, the piles on the east side were thrown 8 inches cast and those on the west side 
4 inches north. Mr. Turner reports the shock as clearly from north to south. His 
workcascs were thrown from north to south. The cemetery, which is on a terrace 190 
feet by aneroid above the flood plain on which the town stands, was very slightly affected. 
One momunent is reported to have fallen. Three or four show slight shifting. 

SANTA ROSA VALLEY TO SAN FRANCISCO BAY. 

Petaluma. Population 3,900. (R. S. Holway.) — The inspector of chimneys reported 
that the great majority of chimneys fell. (See fig. 64, page 341.) In east Petaluma, on 
the lowland, all but 4 fell. Three brick stores had the entire front thrown out, and 10 or 
more had tops of fire-walls thrown down. The stone hay-barn of McNcar was wrecked ; 
also a corner of the stone warehouse. The 2-8tory brick silk factory had every corner 
wrecked. The central tower and the large brick chimney were thrown down. The ice 
plant near the station had the high brick stack thrown, wrecking part of the building. 
The Golden Eagle, a 4-story brick flour mill, was not damaged ; but the l-story addition 
and a 1-story stone warehouse had portions of their walls fall. There are no authenticated 
reports of cracks in Petaluma nor in the low tidal lands immediately adjoining. Vague 
reports to this effect were not verified. (See plate 73a, c.) 

JjokeviUe, Sonoma County (C. A. Bod well). — This place is about 6 miles southeast 
of Petaluma, on a hill slope near the tidal marsh of Petaluma tVeek. Chimneys were 
overthrown, plastering badly cracked, and dishes broken. Chimneys and objects were 
thrown to the southeast. There were 2 maxima in the shuck, of which the second was 
the stronger. The movement was from southeast to northwest. 

Petaluma northvmrd up Sonoma Mountain (R. S. Holway). — Northeast about 2 miles 
across the low land, chimneys were thrown down and furniture was moved. No cracks 
were reported in the ground. Thence northward to an elevation of over 1,800 feet, 
nearly all the brick chimneys were down. Houses are usually small 1-story frame 
buildings. Articles were reported thrown from the shtdves and furniture moved. “ House 
shaken so severely I could not walk across the floor,” was a common statement. No 
landslides were reported, altho quite a number occurred in this region during the winter. 

Petaluma to S^astopol (R. S. Holway). — A drive along this road, which ke(!ps near 
to the western line of Santa Rosa Valley, showed an increasing intensity of shock from 
P(!taluma toward the northwest. Chimneys were (juitc generally down along the entire 
line. At Jur’s ranch, about 2.5 miles northwest, 3 cracks with a very slight dropping of 
small blocks between them, are reported. A temporary flow of water was reported from 
a crack by the road. Small cracks were reported on the road about 4 miles from Peta- 
luma. Near Stony Point school-house, about 9 miles out, 19 cracks across the road were 
reported by the teacher. At Nason’s ranch there is a landslide of the bank of the lagoon 
100 yards or more in length. Four miles from Sebastopol is another landslide at Davis’ 
ranch, where a house was thrown from its underpinning. Cracks were reported at 
Hansen’s and several places. There is a distinct increase in cracks and landslides in the 
approach to Sebastopol. 

San Rafael, Marin County. Population 3,900. (R. S. Holway.) — “ Half the chimneys 
down ” was a frequent report. Most of them were rebuilt at the time of my visit. “ A. W. 
Foster’s place, on the hills to the north, had 100 chimneys and only one fell.” A brick 
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building one block north of the station had the top of the end wall thrown down. A 
3-story brick hotel was very slightly crack(;d. On May 1 tluj town showed no sign of 
earthquake to the casual observer. A crack one block long, north and south, in low land 
near the station is reported. At the Ilotid San Rafael 2 chinmejys fell on th(^ roof and 
porch. At the cem(;tory, 2 miles north of San Rafacd, only 3 inonunients and sook^ 8 
crosses fell. Mr. Wcavc^r njports that on 12 houses near the station and the Hotel San 
Rafael chimneys f(Jl (^ast. My own iiujuiries up town weni gcmerally answered by “all 
directions,^^ so far as chimneys wen^ concermid. 

San Anselmo Thc^ological Sc^minary is a #itone building on a rocky knoll, not tied by 
rods. Th(j tower of the library f(dl, part of it crashing thru the roof to the first floor. 
At the dormitory th(i coping on top of the walls and the chimneys have fallen on all sides 
of the building. 

Mr. Frank M. Watson reports the following effects of eartlujuake in San Rafael: 

In the drug store of Mr. Inman, Fourth and C Streets, hundreds of bottles were thrown 
from shelves running east and west, and bottles on shelves running north and south were 
thrown parallel with the shelving. 

At St. Paul's Church, Fourth and K Streets, the chimney moved 0.375 inch bodily to the 
south, and bricks were crusht out on the north side. A chimney to the west of this was over- 
thrown. The Grammar School, west of this church, had 2 chimneys down. The High 
School to the south suffered no damage, but bottles moved on a shelf mostly to the west. 

At the house, 17 Fourth Street, on level land, the occupants felt 2 shocks with a very 
short interval between, the first being longer and lighter than the second. The general 
direction of movement was thought to be east and west. The chimney fell east. The clock 
stopt. The shock was lighter on the rising ground to the south, as inferred from less damage 
to chimneys in that direction. 

At the house of Mr. W. Robertson, 20 F'ouHh Street, on level land, an up-and-down 
mr)tion was experienced. The middle portion of the shock was the heaviest, and it was then 
that a marble mantel fell east. 

At the building occujned by Mr. George D. Shearer, 306-310 Fourth Street, on level 
land near the def)ot, there is a crack running north and south; 4 chimneys fell west and 2 
east on a flat roof. The north end of a wall of the building fell out down to the level of the 
sec(»nd-story floor. The coping on north and south walls fell off, and plaster was badly 
(Tacked on inside partitions. In the adjoining house, Mr. Joseph La Fran(*hi was awake, 
his bed lying east and west. The shock was north and south. The chimney from the next 
building crashed down thru his house. 

At the office of the Western ITnion Telegraph Co., 60S Fourth Street, a clock facing the 
east stopt at 5*' 13'" a. m. 

At the jewelry store of Mr. J. I). Bennett, 709 Fourth Street, on level ground, 2 large 
accurate pendulum clocks hung 10 feet apart, one on an east wall and the other on a west 
wall. One stopt at 5'* 12'" 35^ the other at 5** 13'". These clocks do not vary 3 seconds 
in 24 hours, and were right at noon of the previous day. 

At the Grand Central Hotel, 720 Fourth Street, on level land, an up-and-down motion was 
felt, then an oscillation from ea.st to west. The building, built of brick in 1860, is 3 stories 
high. It shows a crack 0.5 inch wide in the east wall, extending from the roof to the second 
floor, and there were also cracks in the south wall over the windows. Some plaster fell 
and one chimney was broken. 

At the house of Mr. George L. Richardson, county surveyor, on Harcourt Street, on level 
land, 2 shocks were experienced; the first apparently heavier than the second, both being 
of about the same duration. The oscillation was from east to west. No damage to resi- 
deiK^e. At his office in the court-hou.se, the marble back of a w^ashstand was thrown west, 
and plaster was cracked on east wall. 

At the house of Mr. L. Armstrong, 206 Ross Street, on a hillside 50 feet above sea-level, 
milk and cream slopt from pans a little north of northwest. There was no damage to 
buildings or chimneys in the neighborhood. A slackening in violence was notic'ed about 
the micidle of the shock. 

At the San Francisco and North Pacific railroad depot, on level land 7 feet above sea-level, 
the night operator, Mr. Vernon Grisham, reports first an oscillation, then an up-and-dowm 
movement. Buildings shook for 2 minutes by the watch in an east and w'est direction. 
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The clock stopt at 5** 12'" 30*. It does not vary 2 seconds in 24 hours, and is set daily by 
telegraph. A crack was formed in the ground 100 feet long, running north and south. The 
greatest damage was half a block north of the depot. The depot itself suffered no injury. 

At an unoc.(!upied house on D Street, opposite Ross Street, a chimney moved 1 inch west 
and twisted clockwise about 5°. A second chimney moved bodily westward 0.75 inch, and 
was similarly rotated. All the chimneys in this vicinity were down. 

At the grocery store of E. Kolepka, First and E Streets, a 2-story brick building, all 4 
chimneys were cracked but left standing. Goods in the store were thrown from shelves 
running north and south, and to a less degree from shelves running east and west. Some 
plaster fell from the ceiling, and all chimneys in the neighborliood were damaged or thrown. 

Mr. W. Robertson, city inspector of chimneys, reports that there are 1,200 chimneys 
down and many more damag(Kl. Probably 100 were twisted, the amount and direction 
of the twist being quite variable. Most of the chimneys, however, fell northeasterly. On 
the hills the shock was lighter. 

At Scheutzen Park, 1.5 miles ea.st“Southeast of San Rafael, on land 7 feet above sea-level, 
2 shocks were felt: the first light and long, the second hard and short, the direction of 
movement being cast of north. There was no serious damage to buildings or (diiinncys, but 
water-pipes were broken, and there were many small fissures in the neighboring ground, 
running north and south. 

At the Catholic Cemetery, 2 miles north of San Rafael, on rising ground, an up-and-down 
movement was experienced. A clock in the house of the guardian tipt over, but no damage 
was occasioned to buildings. There were 3 monuments and a few light crosses overthrown 
in the cemetery. The chimney of the brick yard, a mile to the cast, remained intact. 

At the residence of Mr. C. Day, near the San Aiiselmo Seminary, the east, chimney was 
twisted clockwise lO®; and the chimney on the church next door was affected in the same 
way. Things on the walls fell east. One chimney fell west. 

Novato (F. M. AVatson). — Town is situated on sloping ground. Mr. A. Scott st.at(^s that 
2 shocks were f(‘lt, the first (^ast and west and light, the second north and south and heavi(*r. 
In the grocery store canned goods w^ere tipt south on shelvc^s running north and south. 
(Jhinim^ys as a rule wiTe not damaged, but the top of Mr. Scott’s chiimu^y moved 1 inch 
to the southwest. Two clocks were stopt. 

Samalilo (F. M. Watson). — Nearly all chimneys were thrown, most of th(*m falling 
al)out northwTst. Mr. I jandon’s 1-story house, on a hill about Pin fin^t abov(‘ s(^a-level 
on hard rock, was moved slightly to the west on its foundat ions. On this house 2 chim- 
neys fell to the west. The earth was cracked on the low ground near thi^ station, the 
fissures running north and south. TIkj railroad clock stopt at N' 13*". 

Mt. Tnninlpnis (W. W. Thomas, of the Wc^ather Run^au (Observatory). - - The observa- 
tory is in a slight depression betwecui the east and middle peaks of the mountain. A 
number of rounded peaks form a promiiKuit ridge about 3 miles in length, extending nearly 
east and w(!st, and having an avi'rage elevation of about 2,500 feet. Ro(*ks are exi)os(jd 
(iverywhen^ at the; surfacci. No chimneys nor otlur tall structunvs were overthrown, but 
ornaments and small objects wen^ thrown from shelv(js that ran north and south, or were 
more or less displaced in a dir(K*tion som(‘what south of w(5st or north of (^ast from th(;ir 
original positions. No objects f(41 from shcilves that ran (jast and west, and no obji^ct 
moved north or south of its usual jdac^c^ was obs(^rved. An aiKunoim'ter fell from the 
instrument stand to the floor, where it lay in a dir(j(;tion about W(^st-southw^^st of its 
place on the stand. Th(‘ instrunKUit is so balanced that it takes no greabjr forc(^ to over- 
turn it in one direction than in another. Th(u*e w(jre 2 maxima in the shock, and the 
first was tlui stronger. Tlui dinudion of movement was about w(\st-southwest and c^ast- 
northeast. A verti(ial movement is inferred from the fact that all four of the direction 
arms on tluj triple rc^gister recorded at one time. This would indicate that tluj instru- 
ment received a sudden jar or s(iries of jars in a vertical direction, for no electrical contact 
nor any amount of lateral shaking can cause all four of thc^se arms to record at the same 
time. Some plaster f(;ll, and a i)art of a loos(4y constructed stone wall was thrown 
down. 
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Angel Island Light Station (Mrs. J. E. Nichols). — The shock resembled the jolting of 
a railway train which, rumiing at full speed, had left the tracks and was bumping over 
the ties. It was accompanied from the beginning by a loud noise which gradually de- 
creased as the jolting motion ceased. Water standing in a pail was thrown out 0 feet 
from northeast to southwest. The clock was stopt. The bay was calm. A cement 
pavement was cracked to pieces. The station is on solid rock. 

yerfto Buena Island Naval Training Station (Capt. A. T. Marix). — A heavy vibratory 
shock was felt. 

Akairaz Island. — A heavy shock was felt in which there were 3 maxima, the middle 
being the strongest. Objects were overturned in every direction. 

Southeast Farallon Island (James A. Boyle, assistant observer of the U. S. Weather 
Bureau). — The ground is composed almost entirely of solid rock. The Weather Bureau 
building is on a narrow neck, 15 feet above sea-level, lietween 2 peaks about 300 feet 
high. Objects in this building were thrown east. A stone weighing about 100 pounds 
slid 6 inches west by south, and was turned slightly counterclockwise. There was no 
rotary nor vertical motion felt. There were 2 maxima, of which the fir.st was the stronger, 
and the motion was cast and west in both cases. The only damage done was the opening 
of a crack across the entin; front of the fireplace. Two rock slides, of about 100 tons 
each, occurrcid on the west end of the island. At 10’’ OC" A. M., April 18, two distinct 
vibrations were felt. They were also felt by Mr. Leglcr, of the Weather Bureau Station 
at Point Reyes Light-house, with whom Mr. Boyle was talking over the tckjphone at the 
time, 3 seconds before they were felt on the island. 

SONOMA VALLEY. 

In the Sonoma Valley Mr. E. S. Larsen made the following observations : 

Melita. — Chimneys are all down and plaster somewhat broken. Shock somewhat 
less than at Santa Rosa. 

Between Melita and Kenwood conditions were about the same. Nearly all chimneys 
were thrown down or twisted. 

Kenwood. — Most of the chimneys wen; down. The brick hotel was not much injured, 
but a few poorly constructed 1-story stone buildings were somewhat damaged. 

Glen Ellen. — Chimneys were nearly all down. Popp’s poorly constructed 2-story 
stone building was damaged so that the upp<‘r story had to be torn down. One wall 
of a brick building whose braces had Imhui removtsd to make room for a stairway was 
much cracked. The other walls were little damaged. A clock with a half-second pen- 
dulum, facing south, stopt at 5*' 13”'. A fireman and an engineer on the Sun IVan- 
cisco and Northwestern Railroad say that the shock started at exactly S'* 13"*. 

Eldridge, State Home. — All chimiuiys were thrown down and the up{)er story of each 
of the 3-story brick buildings was so damaged that it had to be removed. In a few 
cases there were cracks in the lower stories. One large electric clock with a second pen- 
dulum, facing northeast, stopt. Another clock with a half-second pendulum, facing 
southwest, did not stop, but its pendulum was turned about 20° clockwise. 

Aqtia Calienle. — Most of the chimneys were thrown down and the plaster was cracked. 
There was little <lamage to the brick and adobe houses. 

Boyes Hot Springs. — An artesian well 97 feet deep now yields a larger stream. 

El Verano. — Nearly all chimneys were down. A clock with a half-second pendulum 
and facing cast stopt at S'* 15"*. 

Sonoma. Population 650. — Chimneys were nearly all down. Some of the brick 
and adol)e buildings were damaged, but the shock was much less severe than at Santa 
Rosa. At the Hillside Cemetery, 0.125 mile east of the railroad tlepot, out of about 18 
tombstones over 4 feet high and having the usual square or round section, 13 were 
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turned on their bases from a few degrees to 20° counterclockwise; 2 were down and 
2 had the top ornaments thrown off. At the Catholic Cemetery, out of 0 tombstones of 
the above type 1 stone was turned clockwise and 1 counterclockwise. This ceme- 
tery is in the valley. The Valley Cemetery has 2 tombstones out of 6, of the above type, 
turned counterclockwise. The Sonoma Valley High School had 3 chimneys out of 6 
turned counterclockwise; the other 3 fell. I found chimneys on 3 other houses turned 
(jountcrclockwisc, and 1 chimney turned clockwise. Two miles south of Sonoma, at 
Mrs. William Clemens^, all 3 chimneys were turned counterclockwise. Mr. T. A. Lewis, 
physics teacher at the High School, described the shock as being at first a temblor, 
vibrating northeast and southwest, then a short calm, and finally a longer and harder 
twisting shake. Dr. Grey, of the State Home at Eldridge, and several others, gave a 
similar description. 

Sliellville. — About three-fourths of the chimneys were thrown or twisted. 

NAPA VALLEY TO THE SACRAMENTO VALLEY. 

Napa Valley (C. E. Weaver). — At Calistoga, population 700, a large number of chim- 
neys fell and 2 brick buildings were thrown down. Clock stopt. A few local slides on the 
south side of Mount St. Helena Were confined to the alluvium. At the town of St. Helena, 
population 1,600, a stone building of the California Winery Association was slightly 
damaged, and 8 brick chimneys in the town were overthrown. At tlui Veterans’ Home, 
at Yountville, the buildings constructed of brick and stone had two cormjrs thrown down 
and the walls cracked. At Napa many brick buildings were cracked, and walls thrown 
down. Chimneys were generally overthrown. No damage was sustained by the concrete 
buildings, nor by th(5 machinery contaimd in them, at the cement works at Napa Junction. 

Calidogaj Napa County (Dan Patten). — Nothing was thrown down in the house. 
In the milk-house cream was thrown from full pans on the northeast side. A large water 
trough near the house had the water thrown out on tlui northeast side. Some large rock 
was thrown down from cliffs up on the mountain (Mount St. Helena) at an (devation of 
4,000 feet on the northeast side. Mr. Patten was in front of the house, the east side, and 
heard a rushing noise. He had time to look up the road to the south, and then turn and 
look north, expecting to see some fast driving team, before the shock came. He felt 
first a tremor, and then 2 heavy thumps a few seconds apart; then tremors gradually 
decreasing until probably 0.75 minute had elapsed. 

SL Helena, Napa County (F. Blachowski). — At the Sanitarium miar St. Helena, 
which is on a hillside with rock near the surface, objects wen^ thrown mostly toward the 
east. Some chimneys were turned counterclockwise, and a twisting motion was felt. 
There were 2 maxima in the shock, the second being the stronger. 

Rutherford, Napa County. — Mr. Joseph Mora was starting out on his bicycle when he 
heard a loud noise like that of a country wagon ; he stopt and was then shaken by the 
earth moving violently ; the trees swayed wildly. The sound and the shock came from 
the southwc'st. All the wine-ccdlars and structunjs that were not W(ill built were j)ar- 
tially thrown down. Chimneys came down from all buildings. Niebaum’s wine building 
showed no cracks. 

The Veterans^ Home (A. Brown). — The Home is on sloping bench land in the foot- 
hills on the west side of Napa Valley. The chimneys on some of the buildings were 
twisted around, and some tumbled over. Mr. Brown felt his bed rocking north and south 
for about 15 sticonds. A clock stopt. Some plaster fell at the new hospital. Only one 
maximum was ol)served in the shock. 

Mr. J. M. Clark, of the Veterans’ Home, who maintains a seismograph of his own con- 
struction at that institution, reports that the hardest portion of the shock (;ame, as neai* 
as he could judge, about 20 seconds after the beginning. There was a rapid increase in 
intensity up to that time; then came the gyratory, upward, jerky motion, which was 
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very severe. This continued for about 10 seconds, and then came a swaying motion, 
that seemed at right angles to the first. 

A chimney stack, of brick, 120 feet high, belonging to the power-house on the Home 
grounds, was shattered. Its rectangular faces fronted to the northeast, southeast, south- 
west, and northwest, respectively. In two places, one al>out 40 feet and the other about 
60 feet from the ground, the upper portion of the stack was shifted, as if the rotation were 
from north to west to south to east, it l)eing understood that the motion of the earth 
was in an inverse direction to that of the twisted distortion of the chimney. The wtjsterly 
corner hardly moved while the easterly corner was shifted several inches. The lower 
fracture had a displacement of about 2 inch(;s at the eastcirly corner, and the upper 
fracture had a similar displacement. In the dispensary of the Home, the first portion 
of the shock threw the bottles from the shelves upon northwest and southeast walls. 
The latter portion of the shock precipitated the bottles from the other walls. This was 
proven by finding articles from the northeast and southwest shelvcjs lying on top of those 
from northwest and southeast shelves. 

Napa State Hospital, — The effects of the earthquake are thus described in the Cli- 
matological Report of the U. S. Weather Bureau for April, 1906, by Mr. W. H. Martin : 

At 5** 14"* A. M. on the morning of April 18, 1906, a severe earthquake commenced, and 
lasted about 80 or 90 seconds. The apparent motion at the beginning was from the west 
by south to the east by north, a rolling motion for about 15 to 20 seconds, then a light 
interval for a few seconds, then a renewed force of a twisting nature, intensity IX. The 
ground, to the eye, seemed to be quivering; the hills seemed to have a rocking motion, the 
trees seemed to be shaken by the hands of a giant; everything lookt to be in motion; the 
air was hazy and still. Many brick and stone walls were thrown to the ground and others 
damaged to such an extent that they will have to be taken down. Nearly all chimneys 
were thrown down, and of those standing some are turned a quarter way round. Milk in 
pans was thrown out in an easterly and westerly direction. The estimated damage to the 
city of Napa is about $150,000. The damage to this institution was very light, except 
that the main tower will have to come down. 

Napa (E. C. Joints). — The damage to street gas mains at Napa was very slight, only 
two l(;aks developing. TIk? gas station was badly shak(;n up ; about 10 feet of the end 
wall of the brick building was thrown down, falling on top of the boiler and breaking off 
the steam pipes. The gas-hold(irs were badly shaken. Water was displaced from the 
tanks, but only one guide wheel was shaken out of plac(\ 

Wooden Valley, Napa County (H. W. Chapman). — On h^vel alluvial ground near the 
base of the surrounding hills, no objects were overthrown. There were 2 maxima in 
the shock, of which the first was the strongest, the movement being north and south. 

Pope Valley, Napa County, — The top of one very old chimney was thrown over, 
falling to the south. Another was cracked, and 4 or 5 bricks from the top of another fell 
down into the fireplace. 

Mr. H. P. Gordon reports that he was in Pope Valley at the time of the iiarthquakc, and 
that the shock awoke him. It seemed to be a tremor at first, then an oscillatory motion 
cast and west. It seemed to him as if his bed were a gold pan, and he were being panned 
out. His house stands on rock. 

Berryessa Valley, Napa County, — The shock is reported to have been quite heavy on 
the level land of th(^ valley-bottom. 

Vallejo, Solano County, Population 8,000. (W. D. Pennycook.) — The shock was quite 
as hard as that of 1898, when the brick structures at Mare Island navy-yard were very 
much damaged, some of them having to l)C taken down. The vibrations in that earth- 
(|uakc were lateral, nearly north and south. The vibrations of the earthquake of April 
18, 1906, while equally severe, were different in character. In Mr. Pennycook s house art^ 
2 mantels facing north and south, and a large china closet. In the earthquake of 1898 
every article on both mantels was thrown to the floor, and in the china closet the* crockcu-y 
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was thrown from the shelves. On April 18, 1906, nothing was thrown from the mantels, 
but a clock, which in 1898 had been thrown to the floor, was turned around about 20°. 

The postmaster of Vallejo reports that the city is on a hillside adjoining the Marc 
Island strait. The surface is rolling and has very little level land except such as has been 
cut down, which is entinily of clay and soft rock (shale). Sandstoiuis and shales are the 
underlying rocks, and these come close to the surface excespt along parts of the edge of 
the strait. There was a noticeable decrease in the violence of the shock toward the 
middle, then an increase in severity, the latter part being the stronger. The movement 
was north and south. Objec^ts hanging on gas fixtures by ribbons wound themselves up 
on the same. The Post-office clock stopt. The floors appeared to rise and fall. All 
the ilamagc done was to chimneys; not a brick wall showed any injury. The greatest 
damage was done in Ihc lower levels, the hills suffering very little. 

(T. J. J. See.) — Valkijo is built on hai’d ground and did not suffer very severely from the 
earth(]uake. The best estimates obtainable showed that about one-tenth of the chimneys 
were knockisd down, or so broken loo.se that they had to be taken down. The shock was 
not so severe as lhat of 1898, which was much more lo(!al in character. No house in 
VaUejo fell, and chimneys were about the only fixt objects thrown down. Various ob- 
jects in th(! houses were overturned, such as l)ookcascs, bric-^-brac, and di.shes on sludves; 
and the plastering was somewhat cracked. In general, howcivcr, the injury was not 
great. 

Mare Island (T. J. J. See). — Th(! cartlujuake was much less sev<ire than that of 1898, 
which wrecked many of the Government buildings in the navy-yard. None of the Govern- 
ment buildings was wreckcid this time, nor was the damage at all serious except in the case 
of two or three new buildings recently ercct(xl on the “made” land near the water-front. 
Here Uk; ground was thrown into violent undulations, and the buildings were so twisted 
that about $2,000 worth of repairs had to be made. On this soft ground the brick walls 
were cracked, but as the buildings have steel girders, no part of them fell except one or 
two top-heavy coniices. But the swaying of the brick walls tied together with steel 
frames cau.sed the walls to l)c craciked and scaled off near the steel supporte. In the case 
of the older buildings resting on hard ground, no cracks were formed, nor any injury 
reported. No chimney on Mare Lsland was thrown down, and only one or two were 
broken loose at the roof so ( hat they had to be taken down. The amplitude of the vibra- 
tions in the soft ground at Mare Island was found by measurement to lx; 2 or 3 inches. 
This was determined from the disjdacement of the loose dirt around the piles supporting 
the steel frames of the buildings on the “ made ” land. On the whole, the intensity was 
about the same at Mare Island and Vallejo. 

Prof. T. J. J. See contributes the following note on the swaying of a smoke-stack 
at the navy-yard on Mare Island : 

“ This 8moke-.stack is made of steel, bolted together in sections and lined with fire-brick 
150 feet high and 6 feet aero.ss at the top. Three separate witnesses, standing at nearly 
equal angles about the base, and something like 100 yards away, observed the tower writh- 
ing and twisting during the earthquake. The motion was described as like that of a eork- 
serew. All the witnesses say that the top of the stack vibrated in a circular or elliptical 
manner, thru a space of at least 2 diameters ; that is, one diameter on either side from the 
mean po.sition. The stack is built on hard ground, and bolted to a heavy brick foundation. 
The motion, therefore, gives the wave distortion of the solid earth, a motion of 6 feet at the 
top corresponding to a wave distortion of one-twenty-fifth part of the radius, or 2° 3'.‘ 
If the stack be regarded as vibrating about its center of gravity, the angle will be about 
half as large. These figures correspond to the distortion of the earth’s level surface pro- 
duced by the pas.sage of the earthquake waves thru the rocky crust.” 


‘ This appears to involve the assumption that the stack was rigid, which is inconsistent with the 
dosuribed corkscrew motion. A. C. L. 
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Other observations mentioned by Professor See which are indicative of the intensity of 
the shock are the agitation of the water which was thrown into sharp cones, and filled witli 
bubbles due to the escape of gases from the underlying mud ; the shaking of trees and tcl(‘- 
graph poles as by a storm ; the fright noticed in all persons and animals ; the throwing down 
of unstable objects; the raising of dust from the ground, and tiie formation of a mist in a 
few places. The motion was not so violent that one could not stand, yet during the violent 
part of the disturbance walking was diflicult. All objects had a hazy outline, owing to the 
rapidity of motion, and it is said that persons presenting this aspect ofTered a comical sight 
to the beholder. The forests were agitated as by a violent wind, and at first the motion 
of the trees was ascribed by some marines on watch to a rising storm. 

Vallejo Junction (T. J. J. SchO- — This station is just actoss the straits from the soiilh- 
eastern end of Mare Island and has only a f(;w houses, th(', injury to which was not at all 
considerables 'Hie intensity here was about the same as at Mare Island and Vallejo, as 
might, have been expec.t(Ml from th(i i)roximity of these places. 

St. John^s Quickfiilver Mine, — At the St. John’s Consolidated Quicksilver mine lu^ar 
ValI(»jo, the following observations are recorded by Mr. Alphoaso A. Tregidgo, manager 
of the miiK^. Th(^ not(^ is of special inb^rest as this is the only case in which underground 
disturbances liave be(m observ(‘d in mines as a result of tluj earthquake of April 18: 

We felt the shock about 5** 15'" a. m., first north and south, and then cast and west. We 
are working only two shifts, and as the night men “ come ofT" at 4 a. m., there were no men 
in the mine when it occurred. 

Our main tunnel is 1,135 feet in from the mouth. It cuts the lode 367 feet below the 
croppings, and crosses N. 3° 30' K. At the end of this tunnel the old shaft was sunk 
230 feet deep (vertical). The first 130 feet was thru the lode, the remaining 100 feet 
being in the “foot” or west wall, the lode going down to the east of the shaft. Within 
the year preceding the earthquake a new shaft was sunk which this main tunnel intersects 
500 feet nearer its mouth, 160 feet below the surface. Right at this point the effects of the 
earthquake appear in the tunnel. The posts of fhe sets were “snapt off” about 8 inches 
from the bottom, and forced north for several sets. Our tunnel is timbered thruout 8x8, 
sets 4 feet apart. The old shaft timber sets dropt on the east side from 2.5 to 3 feet. This 
shaft is double compartment. The wall plates are north and south, and end pieces east 
and west. Carrying the ends with them, the east wall plates dropt to the iSO-foot level, 
so that all the sets above that level are now 2.5 feet low on the east side. (From a point 
1,125 feet in the tunnel the center of this shaft is located 22 feet 5 inches E. 17° S.) We 
have re])aired the tunnel, but the shaft is beyond repair. As we connected our new shaft 
with the old shaft workings below the main tunnel level on April 16, just tw'o days before 
the earthquake, we fortunately have no need of the old shaft for working purposes, tho it 
will be necessary to keep it. opem a w4iile for ventilation. Strange to say, our new^ shaft was 
not damaged at all. It is tim})ered from top to bottom nearly 400 feet; sets 4 feet, apart, 
close lagged. Not a lagging even moved. From a point 610 feet from mouth of tunnel, 
the center of new shaft bears S. 76° 30' W. 14 feet 9 inches. No doubt considerable 
change has been caused by the earthquake in the old workings above the main tunnel, as 
our airw'ays need<‘d repairing in places. 

licnecia (T. J. J. See). — The earthquake was decidedly more severe here than in Valh^jo; 
2 or 3 houses collaj)S(Ml and half, or more than half, of tlu^ chirnne^ys were thrown down. 
Major Ben6t, U. S. A., Commandant of tlu^ U. S. Arsc'iial, informs me that lu^ re})orted to 
th(i War I)(q)artment over 20 chimmws on the Government houses in the military revserva- 
tion either thrown down or so injunMl tluit they had to be taken down. These houses all 
stand on solid high ground, none of tluan Ixung on land mad(5 by the. filling in of loose earth. 
Some of tho Government buihlings were crac^ked and otherwise injured, but on the wdiole 
th(5 damage was not very ext(uisive. In Major Ken^t’s residence the furniture was con- 
siderably derang(Ml, books were thrown down, bric-A-brac overturned and some of it 
broken. Sucli obj(M*ts as dishes wxTe frequently shakeiii off the shelves and crashed upon 
the floor. 

At the entrance to the Arsenal grounds, the Gate House, used for the guard, is a round 
tower about 12 feet in diam(^ter, made of brick and lined with a wooden ceiling. It was 
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was thrown from the shelves. On April 18, 1906, nothing was thrown from the mantels, 
but a clock, which in 1898 had been thrown to the floor, was turned around alwut 20°. 

The postmaster of Vallejo reports that the city is on a hillside adjoining the Mare 
Island strait. The surface is rolling and has very little level land except such as has btien 
cut down, which is entirely of clay and soft rock (shale). Sandstones and shales are the 
underlying rocks, and these come close to the surface except along parts of the edge of 
the strait. There was a notiec'able decrea.se in the violence of the shock toward the 
niiddlti, then an increase in severity, the latter part being the stronger. The movement 
was north and south. Objects hanging on gas fixtures by ribbons wound themselves up 
on the same. The Post-office clock stopt. The floors appeared to rise and fall. All 
the damage done was to chimneys; not a brick wall showed any injury. The greatest 
damage was done in the lower levels, the hills suffering very little. 

(T. J. J. See.) — Vallejo is built on hard ground and did not suffer very severely from the 
earthquake. The best estimatiis obtainable showed that about one-tenth of the chimneys 
were knocked down, or so broken loose that they had to be taken down. The shock was 
not so severe as that of 1898, which was much more local in character. No house in 
Vallejo hill, and chimneys were about the only fixt objects thrown down. Various ob- 
jects in the houses were overturn<!cl, siuih as l)ookcases, bric-il-brac, and disluis on shelv(!s; 
and the plastering was somewhat cracked. In general, however, the injury was not 
great. 

Mare Island (T. J. J. See). — The earthquake was much less severe than that of 1898, 
which wrecked many of the, (Jovernrnent buildings in the navy-yard. Noneof the Clovern- 
ment buildings was wnteked this time, nor was the damage at all serious except in the case 
of two or three ikiw buildings nicently erected on the "made” land near the water-front. 
Here the ground was thrown into violent undulations, and the buildings were so twisted 
that about $2,000 worth of repairs had to Ix) made. On this soft ground the brick walls 
were cracked, but as the buildings have steel girders, no part of them fell exce{)t one or 
two top-heavy cornices. But the swaying of the brick walls tied togetluir with steel 
frames caused the walls to be cracked and scaled off near the steel supports. In the case 
of the older buildings resting on hard ground, no cracks were formed, nor any injury 
reported. No chimney on Mare Island was thrown down, and only one or two were 
broken loose at the roof so that (hey had to be taken down. The amplitude of the vibra- 
tions in the soft ground at Marc Island was found by measurement to be 2 or 3 inches. 
This was determined from the disjdacenjcnt of the loose; dirt around the piles supporting 
the steel frames of the buildings on the “made” land. On the whole, the intensity was 
about the same at Mare Island and Vallejo. 

Prof. T. J. J. See contributes the following note on the swaying of a smoke-stack 
at the navy-yard on Mare Island : 

" This smoko-si ack is made of steel, bolted together in sections and lined with fire-brick 
150 feet high and 6 feet across at the top. Three separate witnesses, standing at nearly 
equal angles about the base, and something like 100 yards away, observed the tower writh- 
ing and twisting during the cartlnjuako. The motion was described as like that of a cork- 
screw. All the wil.ne.s.scs say that the top of the stack vibrated in a circular or elliptical 
manner, thru a sj)acc of at least 2 diameters; that is, one diameter on either side from the 
mean position. The stack is built on hard ground, and bolted to a heavy brick foundation. 
The motion, therefore, gives the wave distortion of the solid earth, a motion of 6 feet at the 
top corresponding to a wave distortion of one-twenty-fifth part of the radius, or 2° 3'.‘ 
If the stack be regarded as vibrating about its center of gravity, the angle will be about 
half as large. These figures correspond to the distortion of the earth’s level surface pro- 
duced by the passage of the earthquake waves thru the rocky crust.” 


' This a})p(>ar8 to involve the assumption that the stack was rigid, which is inconsistcait with the 
described corkscrew motion. A. C. L. 
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Other observations mentioned by Professor See which are indicative of the intensity of 
the shock are the agitation of the water which was thrown into sharp cones, and filled with 
bubbles due to the escape of gases from the underlying mud; the shaking of trees and tele- 
graph poles as by a storm; the fright noticed in all persons and animals; the throwing down 
of unstable objects; the raising of dust from the ground, and the formation of a mist in a 
few places. The motion was not so violent that one could not stand, yet during the violent 
part of the disturbance walking was difficult. All objects had a hazy outline, owdng to the 
rapidity of motion, and it is said that persons presenting this aspect offered a comical sight 
to the beholder. The forests were agitated as by a violent wind, and at first the motion 
of the trees was ascribed by some marines on watch to a rising storm. 

Vallejo Junction (T. J. J. See). — This station is just across the straits from the south- 
eastern end of Marc Island and has only a few houses, tluj injury to which was not at all 
considerabhi. The intensity here was about the same as at Marc Island and Vallejo, as 
might have been (^xj)cct(Ml from the proximity of tliosci places. 

SL John's Quicksilver Mine, — At the St. John’s Consolidated Quicksilver mine near 
Valhyo, the following observations ani nicordcnl by Mr. Alphonso A. Tregidgo, manager 
of the miiKi. TIk^ note* is of special interest as this is the only case in which underground 
disturbances have bo(‘n obs(u*v('d in mines as a result of the earthquake of April 18: 

We felt the shock about 5** 15"* a. m., first north and south, and then east and west. We 
arc working only two shifts, and as the night men “come off'' at 4 a. m., there w^ere no men 
in the mine when it occurred. 

Our main tunnel is 1,135 feet in from the mouth. It cuts the lode 367 feet below the 
croppings, and crosses N. 3° 30' K. At the end of this tunnel the old shaft was sunk 
230 feet deep (vertical). The first 130 feet was thru the lode, the remaining 100 feet 
being in the “foot” or west wall, the lode going down to the east of the shaft. Within 
the year j)rec.eding thcj earthquake' a new shaft was sunk which this main tunnel intersects 
500 feet nearer its mouth, 160 feet below the surface. Right at this point the effects of the 
earthquake appear in the tunnel. The posts of the sets were “snapt off” about 8 inches 
from the bottom, and forced north for several sets. Our tunnel is timbered thruout 8x8, 
sets 4 f(jet apart. The old shaft timber sets dropt on the east side from 2.5 to 3 feet. This 
shaft is double compartment. The wall i)lates are north and south, and end pieces east 
and west. Carrying the ends with them, the east wall plates dropt to the ISO-foot level, 
so that all the sets above that level are now 2.5 feet low on the east side. (From a point 
1,125 feet in the tunnel the center of this shaft is located 22 feet. 5 inches E. 17° S.) We 
have repaired the tunnel, l)Ut the shaft is beyond repair. As we connected our new shaft 
with the old shaft w'orkings below^ the main tunnel level on April 10, just two days before 
the earthquake, we fortunately have no need of the old shaft for working purposes, tho it 
will be necessary to keep it open a while for ventilation. Strange to sa}', our new shaft was 
not damaged at all. It is timbered from top to bottom nearly 400 feet; sets 4 feet- apart, 
close lagged. Not a lagging even moved. From a point 610 feet from mouth of tunnel, 
the center of new shaft bears S. 76° 30' W. 14 feet 9 inches. No doubt considerable 
change has been caused by the earthquake in the old workings above the main tunnel, as 
our airways needed repairing in places. 

Beneria (T. J. J. Sc*i'). — Tlu' (*arth(|uake w^fis decidedly more severe here than in Valh'jo; 
2 or 3 houses collapscul and half, or inoni tlian half, of the chimm^ys w(T(^ throwm down. 
Major Ben6t, U. S. A., Commandant of tln^ U. S. Arsenal, informs me that ho reported to 
th(i War I)(^partment over 20 chimneys on tln^ (Jov(^rnment houses in the military reserva- 
tion either thrown down or so injured that they had to be taken down. TIk^sc houses all 
stand on solid high ground, none of tlunn being on land made by the filling in of looser earth. 
Some of the Oov(jrnment buihlings were cracked and otherwise injured, but on the whole 
the damage was not very (ixtensive. In Major Remf'Cs nisidenco th(^ furniture was con- 
siderably d(!rang(Ml, books were thrown down, bric-ft,-brac overturned and some of it 
brok('n. Such obji'cts as dishes were frcHiuently shaken off the shelves and crashed upon 
the floor. 

At the entrance to the Arsenal grounds, the Gate House, ust'd for the guard, is a round 
tower about 12 feet in diameter, made of brick and lined with a wooden ceiling. It was 
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built some 40 years ago, on a well-laid foundation goingdownto bedrock, which here under- 
lies hard ground ; yet the brick walls were badly cracked on every side. This guard-house 
stands on a high terrace, and the lower grounds appear to be alluvial deposits of the river. 

In other parts of Benecia, brick houses built on hard ground were occasionally cracked. 
The town is somewhat spread out, some of it resting upon the alluvium near the river, 
the rest extending back over high roiling ground similar to that at the Arsenal. On the 
alluvial land the shaking was naturally most disastrous. A frame building near the water- 
tank, used for a saloon, collapsed; and a large cannery was so damaged that most of it 
had to be taken down. The water-pipe for the city was temporarily broken. 

SACRAMENTO YALLET. 

Red Bluff, Tehama County. Population 2,750. (G. L. Allen.) — The earthquake 

awakened most sleepers. Quite a number of clocks were stopt. The chandeliers were 
caused to move considerably and in all directions. The tall head of a bed slammed against 
the wall, frightening the occupants. A lady tried to get up to kexjp an electric-light bulb, 
which was swinging violently, from striking a stove-pipe 2 feet distant from the cord ; 
but she became dizzy and had to return to be<l. The bulb did not strike the pipe. (J. H. 
Smith, Weather Bureau Observer.) No objects were overthrown, but hanging objects 
were caused to swing considerably. There was but one rather sharp jar, or shock, the 
direction of which is unknown. The inhabitants of the town were not unduly alarmed. 

Coming, Tehama County. Population 1,000. (B. D. Wilkinson.) — I was awakened 

by what was at hrst thought to be wind moving the building; then I fc^lt the l>cd and 
the building apparently roll in waves. Hanging electric lamps swung from south of 
east to north of west. Oixm doors swung for alwut half a minute. 

Chico. Population 2,640. (W. M. Mackay.) — The shock here was quite pronounced, 
but not sufficiently so to do any damage. No chimneys were broken ; nevertheless every 
hou.se shook violently. I was awakened by the rattling of the weights in the windows. 
More than half the people interviewed say that the noise awakened them. Numerous 
clocks stopt, but no glassware or crockc^ry was reported broken. In Chico Crecik, adjoin- 
ing the town, splashes on the bank indicated that there had been a violent commotion of 
the wat<!r. In places the water had been thrown several feset. The water-tank at the gas 
works w'as so disturlied as to cause the water to flow into the main, necessitating the pump- 
ing out of the main l)eforc service could be restored. 

(E. Meyhew.) — I was in bed awake at the time of the shock. The motion was from 
north to south, and appeared to come in two waves, with an interval of about 6 seconds. 
The disturbance la.sted about 15 seconds all together. It made windows rattle, and 
chandeliers and electric-light bulbs suspended by cords were caused to swing. It stopt 
2 clocks in my store, one hanging on a southwest wall and the other on a southeast wall. 
All other clocks in th(? store continmxl going. A rumbling .sound was heard thruout 
the disturbance. 

Willouw. Population 895. ' (A. W. Sehom.) — The motion inen^ased until the weights 
in the wiiulow-frames rattled considerably; trees swayed back and forth as in a hurricane 
for about 30 seconds, gradually diminishing. The movement appeared to be northeast 
to southwest, and was strongest near the middle. The clock was stopt, and the l)ed felt 
as if some one were pulling it. Chimneys were not injured. A rumbling noise preceded 
the shock. 

Mr. G. K. Gilbert made a trip into the section of the Coast Ranges lying between the 
Clear Lake district and the Sacramento Valley. His purpose was to verify the report of 
a large rift said to have Ixjcn made in St. John’s Mountain by the earthquake. The rift 
was not found, tho sought for to the summit of the mountain ; and the descriptions of it 
as an opening 10 feet wide by 20 feet long indicate that it Ls something quite different from 
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the ordinary manifestation of earthquake violence. The people at the base of tlu^ moun- 
tain were incredulous as to the existence of the crevice and especially as to its creation at 
the time of the earthquake. 

As an outcome of this trip, Mr. Gilbert contributes the following note on the intensity 
of the earthquake shock at various points in the territory visited. 

At Williams (population 500) the shock was strong enough to awaken people but not to 
throw down chimneys. It is said that small cracks were made in the walls of the hotel, a 
brick building. The intensity was about the same at Maxwell, population 300; Leesville; 
and Stony Ford, population 100. At Fonts Springs, 10 miles west of Stony Ford, only a 
few persons recognized the jar as due to an earthquake, and its identification was ques- 
tioned by others until the news of the San Francisco disaster reached the place. As Stony 
Ford and Fonts Springs are near the east and south bases of St. John's Mountain, it is 
probable that the mountain was not severely shaken. 

Elk Creekj Glenn County. Population 200. (P. E. P'riday.) — The shock was very 
light. Some p(x)i)l(^ heard windows rattle and noticed open doors swing slightly. 

Colusa. Population 1,441. (Mrs. S. L. Drake.) — There was nothing overthrown, but 
water slept from the tanks of the watcr-worLs on thii north and south sides. The 
shock was so slight that only a few persons noticed anything more than a shaking, as 
tho some one had hold of the bedstead. 

(E. S. Larsen.) — Many sleepers in Colusa wen^ awakened, and some clocks were stopt, 
but there was no damage to chimneys and no glassware was broken. Window-fram(‘s 
in stores were in some instances displaced so as to leave a crack. Few cracks in plaster 
are reported. There is a general agreement that the vibrations were strong but slow 
and swinging. There is a fair agreement on the east and west direction for tho vibrations. 
The jeweler had three pendulum (docks on the wall facing north. None of them stopt. 

(Fnnl Roch(\) — The shock in the central part of Colusa County lasted over a minute. 
There was only oik^ continuous disturbance, but its intensity was strongest in the middle 
part. It caused windows to rattle, tho bed to move, and hanging objects to swing, and 
overthrew some ornaments, but did not affect chimneys. 

Meridian, Sutter County. Population 500. (T. F. Taylor.) — Two shocks were felt, 

tlie second being the stronger. No objects were overthrown. 

Marysville, Yuba County. P(^pulation 3,497. (R. F. Watson.) — I was indoors, 

standing on th(^ floor and stooping over when I felt quite a distinct tremulous motion for 
about 10 s(‘c,onds Ixdon* the main shock, causing a dizzy feeling. The shock itself started! 
rather heavy and was jerky; it. then became lighter until the second part of the shock 
came, with a rocking motion. The movement of the floor tipt me toward th(^ southeast. 
No noise was heard. Window\s and chairs rattled ; electric-light bulbs suspended by cords 
first vibrated like a pendulum and them descTilKMl a circle; and the pendulum clock stopt. 

(A. B. Martin.) — The shock was sufficiently intense to arouse p(‘opl(^ from shi^p, but no 
chimneys were hrokem nor was property injured. 

Yuba City, Sutter County. I’opulation COO. — The earthquake was generally felt; 
som(^ sleepers wi're awakened and some clo(;ks stopt. Movable objeuits were sliak(Mi. 
Water in horse-troughs was thrown several feet in an east and west direction in two cases, 
the troughs being oriented north-south and east-west respectively. 

Black's Station, Yolo County. Population 300. (S. P. Cutt(?r.) — No obje(^ts w^re over- 
thrown, but hanging objects were caused to swing in a circle. There were 2 maxima, of 
which the first was the stronger ; and a vertical movement was felt. 

Knight's Landing, Yolo County. Population 5(K); (L. T. Shamp.) — While no large 

objects were overturned, small ornaments were thrown in all directions, and the shock 
was violent enough to stop several clocks. There was more than one maximum, tlio the 
first was the strongevst. The water in the Sacramento River rose to a height of 3 to 4 
feet in long sweeping swells. 
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JAncoln. Population 1,061. — Clocks were stopt. 

FairoaJes, Sacramento County. Population 300. (L. M. Shelton.) — There was one 

straight shake, which was very light. People scarcely knew there was an earthquake. 

Sacramento. Population 29,282. (J. A. Marshall.) — I was awakened by my wife’s 
remark that she believed we were having an earthquake. Thus aroused, I lookt up and 
the chandeliers seemed to be oscillating several inches in an eastward and westward 
direction. This continued, together with the rattling of the window weights in their 
boxes, for about a minute, during which time we arose and observed and verified the 
phenomena. The oscillation slowly decreased, and endcnl in two considerable jars, with 
appreciable intervals between. Tlie clock on the mantelpiece facing westward stopt. 
It is, I think, so constructed that it would not have stopt had the vibration been north- 
ward and southward. The shock here would grade V, Rossi-Forel scale ; or, more prop- 
erly, between V and VI; but there was no breakage. Another slight shock occurred 
soon after 8 A. m., April 18, and a more noticeable one at S'* 25” P. M., April 19, of about 
grade III ; the motion in this case seemed to be north and south. 

(E. C. Jones.) — The damage at the gas plant was very slight. The gas-holders rocked 
to such an extent that considerable water was thrown out of the tanks, and the seals of 
the holder sections were partially emptied, allowing gas to escape. No damage was 
done to the manufacturing apparatus nor to the street mains. 

(Hiram Miles.) — I was looking at the clock when the shock commenced. It lasted 2 
minutes and 17 seconds, tlw; first half Ixjing oscillatory and the second half a tremor. The 
movement was decidetUy northwest to southeast. 

(Charles A. Hendel, C. E. and M. E.) — I was on the second floor of the W(5stern Hob'l. 
I jumped out of bed, opened the door, and placivl a chair against it, so that it would not 
close on me while I was dressing. 1 had to hold on to the bed to get drest. The oscilla- 
tion appeared to me to be like the shaking of a mouse or a rat, by a cat. 

Galt, SacramerUo County. Population 350. — The shock lasted 45 seconds. 

lone, Amador Cmmty. Population 806. (J. F. Scott.) — The shock awaktmed and 

alarmed people. There were two distinct maxima, of which the secon<l was the stronger. 
The direction of movement was north. No objects were overthrow'll. 

(Wm. Randall ) The vibration was gentle but of such amplitude as to attract unusual 
attention. It was seemingly in a north and south direction, and estimated to continue 
for 20 or 30 seconds. 

Suisun, Solano County. Pojiulation 625. (Mr. Sheldon.) — The shock awakened nearly 
every one, threw 2 or 3 chimneys, and damaged perhaps 25 per cent of the chimneys so 
that they required repairing. Masonic Hall hail a few bricks thrown from an ornamental 
arched window. Tlie plaster was much cracked, but there was no serious damage. 
Thruout both Suisun and Fairfield considerable plaster was cracked anil even thrown 
down; a few bottles were thrown from shelves; a large proportion of the clocks were 
stopt; and a few windows were broken. There was no agreement as to direction. Vibra- 
tions were long and rolling. 

Ehnira, Solano County. Population 317. (E. S. liarsim.) — Most sleepers were awakened 
but no damage was done. There are few brick chimneys, and none of them was thrown 
or cracked. No plaster was thrown down and no windows were broken. As there are 
only a few small houses in the town it is rather difficult to make an accurate comparison ; 
but the shock was probably considerably Ic.ss severe than at Suisun, and slightly less 
than at Vacaville. 

Vacaville, Solano County. Population 1,220. (E. S. I^arsen.) — About 12 chimneys 

were cracked or thrown, some plaster was cracked, most clocks were stopt, and probably 
all sleepers were awakened. Things were very seldom thrown from shelves. There is a 
general impression that the vibrations were east and west, and that they were of a slow 
rocking nature. 
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Esparto. Population 200. — Clocks were stopt. 

Capay, Yolo County . Population 200. (E. S. Larsen.) — Sleepers were awakened and 
milk slopt over in pans, but no chimneys were thrown, no windows were broken, and no 
clocks were reported stopt. 

(S. Schwak.) — There was one continuous shake from northeast to southwest, resulting 
in the spilling of milk from pans. No objects w(Te overthrown. 

Guinda, Yolo County (J. Jacobsen). — There was one continuous shake for about 25 
seconds, the apparent movement being from northwest to southeast. A vertical upward 
motion was also experienced. Nothing was overthrown. 

Rurnsey, Yolo County (J. M. Morrin). — The movement was from southeast to north- 
west. There were 2 maxima, the second being the stronger. 

(E. S. Larsen.) — There was no damage whatever to buildings, but most sleepers were 
awakened. The vil)rations wen^ long and gentle. 

Woodland (E. S. Larsen). — Most sleepers were awakemed, but no chimneys w(Te 
thrown and no glass was broken. A f(^w clocks were stopt, onc^ of which faced cast. All 
agr(‘(i that the vibrations were slow and gentle and of a rocking nature. Mr. J. L. Spohn 
states that he was awake at the time, and observtul an electric-light globe hung by a cord. 
At first the globe vibratcjd east and west, and then had a rotary motion. 

Dovisville (h]. S. Larsen). — Most sh'c^pers were awakened. One man r(^[)orts 2 or 
3 cliimneys crackcnl, but every one else d(Uii('s this. Some plaster was cracked and doors 
were jammed so that tliey nxiuired resetting. No glass was broken. V^arious observers 
report vibrations from east to west or north to south, but they do not agree. All report 
th(i vibrations long and slow. 

Maine Prairie j Solano County (Mrs. A. Rattikc). — No damage resulted from the 
earthcjuake. A gentle swing was experienced, the motion of which was from southwest 
to northeast, as evidenced by waves generates 1 on the surfaces of the water on the over- 
flowed land. 

Rio VistOj Solano County. Population 682. (J. C. Stanton, C.E.) — The character 

and effects of the shock an? dc'seribed in a note published in the Climatological Report 
of th(» U. S. Weather Bureau for April, 1907, as follows: 

The shake was very severe. It commenced with a number of quite long vibrations from 
northwest to southeast and wound up with the figure 8 motion which often accompanies 
seismic disturbances. It was quite difficult for persons to maintain their footing; but 
strange to say, nothing w^as thrown dowrn or overturned, which may be attributed to the 
gyrating motion. The duration was about 30 seconds, and I am convinced that had it 
continued 30 seconds longer hardly a house would have been left standing in town. Some 
lum])er piles were throw^n down in a lumber yard situated upon a pile wharf, w'here the dis- 
turbance seemed worse than anywhere else; and the w^ater-tow^er, 60 feet in height, consist- 
ing of 2 large tanks containing 100,000 gallons, w^as seen to sw’ay violently. 

Collinsville, Solano County. Population 300. (Joseph Antonini.) — Collinsville is on the 
})eat of the tul(^ land, with hard clay 2 feet below the surface. The largc'st building in 
town, a hotel built on piles, was totally wrecked. Chimm^ys and water-tanks were over- 
thrown. The movcnuiiit w^as east. 

NORTHERN SIERRA NEVADA. 

Butte County. — At John Adams, population 75, and at Berdan, a slight trembling of 
the earth is reported. At Paradise, population 100, Mr. F. W. Day reports that hanging 
objects vibrated violently, and that a sinking sensation^' was experienced. At Stan- 
wood the shock, acc^ording to Mr. S. E. Rowe, was very slight and noticed by very few 
people. At Iloncut, population 100, a slight shock is reported by Mr. D. B. Robb. 

Quincy, Phimas County. Population 516. (L. A. Barrett.) — The shock w’as heavy 

enough to awaken a few people, but was not felt by the majority of the inhabitants. Mr. 
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J. W. Street, watchmaker, reports that his clock stopt in consequence of the shock. This 
was the only clock in town that stopt. 

Other points in Plumas County at which the earthquake is reported to have been 
felt as a shght shock arc Greenville, population 640 ; Taylorsville, population 130 ; Kettle ; 
and Beckwith, population 100. At La Porte (population 300), Mr. Oscar Freeman sa}rs: 
“The shock was very light. There were but few persons in town that felt it, perhaps 
a dozen. It made the house creak as would a sudden gust of wind, set the hanging lamp 
swinging, and seemed to have a twisting or circular motion, as near as I could judge.” 

Sierra County. — Slight shocks are reported to have been felt at Table Rock, by John 

K. Walls; and at Allegheny (population 200), by W. A. Clayton. At Ix)yalton (popula- 
tion 100), Mr. J. J. Miller reports a confu.sed shock in three parts. An electric bulb hang- 
ing from the ceiling was caiLsed to swing in a circle. At the west side of Sierra Valley, 
in the tule land, the quake was more severe, and caused dishes to rattle and loose objects 
to sway. 

Nevada County. — A slight shock is reported at the following iK)ints : Fernley, by 
G. V. Robinson; French Corral (population 160), by W. E. Moulton; Grass Valley 
(population 4,719), by C. W. Kitts; Chicago Park, by E. F. Sailor; North Columbia, 
by Mrs. C. J. English; Washington (population 500), by J. H. English; and Floriston, 
by W. I. Sunburnt. At Boca (population 50), Mrs. A. E. Daswell reports that the shock 
comprized only one movement, which lasted about one minute and was strong enough to 
make an electric-light bulb swing. At Truckce (population 1,600), W. S. T. Smith 
reports that the shock was felt by a number of people. Windows rattled, hanging objects 
swung, and a clock stopt. No objects were overthrown. 

Placer County. — According to the reports received, the shock seems to have been less 
generally felt than to the north or south. A slight .shock, noticed by few people, is 
reported to have been felt at Newcastle, population 600; Auburn, population 2,050; 
Yankee Jim, population 150; and Emigrant Gap, population 60. 

Georgetoum, Eldorado County. Population 400. (C. M. Fitzgerald.) — The shock was 
distinctly felt by most people, and the disturbance was sufficient to awaken those not 
already up. No objects were, however, overthrown. The movement was decidedly 
from north to south. The duration was estimated at 30 seconds. 

NashvUle, Eldorado County. Population 50. (J. C. Heald.) — But few people felt the 

quake. Many spoke of some di.sturbanec having awakened them. The few who were 
awake at the time felt the jar, but did not know what it was. The shock was felt 
somewhat more distinctly to the north and south of Nashville. 

Pino Grande, Eldorado County (W. E. Borliam.) — Few felt the shock, which was light. 
Hanging objects swayed back and forth. No objects were overthrown. 

Drytovm. Population 300. (Allen McWa 3 me.) — The shock was felt by only oni; or 
two people in town. 

Milton, Calaverae County. Popvilation 200. (J. H. Southwerk.) — The shock was dis- 
tinct. There were 2 maxima, and the second was probably the stronger. The direction 
of movement was east and west. Mr. S. D. Hildcibrand, who was on the Irattom-land of 
the Calaveras River, 3 miles we.st, felt a more violent shock, but no damage was done. 

Railroad Flat, Calaveras County. Population 200. (R. B. Knox.) — Mr. Knox was 
awakened by a smart shock which shook his bed for nearly a minute. 

West Point. Population 266. (Mr. Baisley.) — A pail of water two-thirds full slopt 
over ; pans rattled, and the clock was moved on the wall. The shock moved Mr. BaLslcy’s 
bed from side to side, southwest to northeast. 

A shock was reported, without further details as to its effects, at Campo Seco; Esme- 
relda; Mokelumne Hill, population 575; Nassau, population 50; North Branch; and 
Vallicita, population 500. 
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GM King Mine (Henry Sccman). — Near Gold King Mine, sec. 26, township 6 N., 
Range 14 E., a moderate shock was felt. This was, however, not noticed by any of the 
15 persons at the mine, less than 0.25 mile away, nor by the night shift in the mine, and 
awakened no sleepers. 

Blanchard, Tuolumne County (Mrs. C. E. Blanchard). — One chimney was damaged 
slightly, but the shock otherwise did no damage. The shock was light, tho generally 
felt in the surrounding country. 

Columbia, Tuolumne County. Population 500. (J. W. Pitts.) — The shock was so light 
that those asleep did not feel it and did not wake up. Mr. Pitts and others who were up 
felt a slight shock and motion from north to south. 

Sonora, Tuolumne County. Population 1,922. (J. E. Coover.) — The movement seemed 
to be an easy rocking one, free from jerks, with considerable amplitude. The earthquake 
was in full swing when Mr. Coover awoke; it held its maximum intensity for some mo- 
ments, it seemed a half-minute, and then diminished gradually. A pendulum clock stopt. 

Tuolumne, Tuolumne County (Capt. J. T. Thompson). — In the Turnback Inn, a large 
frame structure, some window glass was crashed diagonally, and sleepers were generally 
awakened. The movement was oscillatory and seemed to be east and west. At tho 
Grizzly Mine, in the bottom of Tuolumne Canyon, about 1,000 feet below the town of 
Tuolumne, the .shock was not felt. 

Jupiter, Tuolumne County (Cornelius Quinlan). — Was awakened by the shock at 5** 
14'" A. M., and experienced a sliding back and forth from north to south for about 20 
seconds after awakening. 

Sequoia, Tuolumne County (Mr. Crocker). — Two prolonged light shocks were felt, 
of the nature of a pronounced tremble. Some members of Mr. Crocker’s family did not 
feel it. 

Yosemite Valley. — A slight shock was felt. 
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DISTRIBUTION OF APPARENT INTENSITY IN SAN FRANCISCO. 

By H. O. Wood. 

INTRODUCTION. 

In presenting the results of this study, the subject-matter has been taken up as follows : 
First, brief mention is made of the physiographic features of the city. Map No. 4, of the 
atlas accompanying the report of the Commission, shows the location of the city and its 
physiographic environment, also a segment of the Rift and of the fault on which the earth- 
quake of 1906 was generated, and the position of a .similar fault where the shock of 1868 
originattd. The city lies between these two zones of faulting. Then follows a note on 
the general geology of the region, illustrated by a geological map. No. 17 of atlas, prepared 
by Professor Andrew C. Lawson, on which is shown the areal distribution of the more 
important rock formations and of the districts of “made” land. Them comes the de- 
scription and classification of typical destructive effects examined in the field. An 
intensity scale is discust, and its relationships to the Rossi-Forel and Omori scales are 
determined as well as possible. By critical comparison with Omori’s scale, ap|)roximate 
values are fixed for the grades in terms of acceleration. Illustrating this discussion, 
map No. 19 of the atlas, showing the areal distribution of intensity in terms of an 
especially devised scale, presents graphically the results of the inviistigations in the city. 
The methods employed in the preparation of the map are set forth ; also the manner in 
which the intensity scale was utilized. In map No. 18 are shown several geological cross- 
sections with corresponding intensity profiles. As vortical coordinates of the latter, 
values of the grades dijtermined approximately in terms of acci'leration were utiliziid. 

Following the geiuiral discussion of the intensity is a (hitailcd description of the evi- 
dence which characterized various localities and determined the inUmsity grades asitribed 
to them. 

Next arc discust diitails of evidence in the localities wh(!rc very high intensity prcivailed, 
which arc of general interest owing to the 8ugge»stions they offer, the problciins tliey raise*, 
or the warnings th(!y proclaim. 

PHYSIOGRAPHY. 

The San Francisco peninsula rises with bold ndieef from the hwel of the sea to hill sum- 
mits varying in altitude between 1(K) and 1 ,800 fciot, with the broad Pacific to the w(!st of 
it, the waters of San Francisco Bay to the e!a.st, and the Golden Gate on the north. South- 
ward, trending slightly east, th(! peninsula runs for .siweral miles, merging finally with the 
hills of the Santa Cruz Range which mark the ca.stern limits of the Santa Clara Valley. 
On the western shore, promontories such as Point LoIkis, Mussi'l Rock, San Pedro Point, 
and Montara Point, where rock-cliffs rise out of the surf, alternate with str(;tch(\s of smooth 
beach line. At the north, the hills come down to the shore, forming rocky points : Point 
Lolios, where the Cliff House stands; Fort Point, marking the narrowest part, of the 
Golden Gate; and the minor promontories of Black Point and TiJegraph Ilill farthiir 
ea.st. The eastern shore is marked by prominent rock ridges extending out into the Bay, 
while between these, reaching well back into the hills, are sharply limitixl valleys cut 
down to the level of the sea and filled with deep deposits of alluvium, thus forming a 
gently sloping floor from which the hills rise abruptly. Before the building of the city, » 
tide marshes with their little tidal creeks occupied the floors of those valleys, near their 
mouths. 
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TIk; most important of theso is the relatively large Mission Valley, opening into the Bay 
between Rincon Point and Potrero Point and extending back westward and then south- 
ward, with a minor fork to the northwest, fully a quarter of the way across the penin- 
sula. Mission Creek, with its lagoon and contiguous marsh, before it was filled to provide 
street and building sites, extended from the Bay shore around the northern extremity of 
the hills of the Potrero. Another long narrow marsh occupied a part of the floor of Mission 
Valley, stn^tching eastward from the present site of the Post-office building for several 
blocks, and then turning southward to the old Bay shore. This marsh also has b(ien fillcjd 
to j)rovide building sites. Another dominant valley is that of Islais Creek, stretching 
back to the southwest between the hills of the Potrero and those of Hunters Point. This 
valley is outside the city proper. 

The city and county of San Francisco occupy the northern end of the peninsula, bounded 
on the south by an arbitrary east-west line some 7 miles south of the Golden Gat(\ The 
city, properly speaking, occupies the northeastern third of this an^a, covering the sum- 
mits and flanks of the sandstone hills known as Tek^graph Hill, Nob Hill, and Russian 
Hill, on the north; and other unnamed summits on the wc^st. It covers also the floor 
of Mission Valley and n^aches well up on tho flanks of the hills which culminate in the 
center of tin? area. On the outskirts of the city projuir, except in the southwestern part, 
are small dctaclwid groups of dwellings in the hills or on the sands. 

Market Street is a broad thorofare running southwestward from the Ferry Building and 
the wharv(is, at the northeast corner of the city, thru Mission Valley to the flanks of the 
high hills in the center of the area. About thc^ lower j)art of Marki^t Street is the commer- 
cial c(‘nter of the city. The City Hall, situated about 1 block north of this broad highway, 
and about 12 blocks southwest of the Ferry, was not far from the center of the city proper. 

The zone of faulting where the recent cartlujuakc had its origin past under tlui sea from .. 
a point near the head of Bolinas Lagoon, 12 or 15 mihis northwest of the Golden Gate, 
to a point half a mile north of the little headland of Mussed Roe^k, about 8 miles south of 
I’oint Lobos. Th(^ map. No 4, shows its location. 

The entire area of the city and county is east of the^ fault-zone. The southwest corner 
of the area is l(;ss tlian a mile distant from it. The vicinity of the Ferry Building, at the 
foot of Marke^t Street, was the most nnnotcj of any point in the whole area, being between 
9.25 and 9.75 miles away. The site*, of the City Hall is from 7.5 to 8 miles from the fault. 
The Cliff IIous(‘, at Point Lobos, the most western point of the area, is about 3 miles east 
of it. Fort Point lies between 5.75 and 6 mikis (^ast of it. Potrero Point and Hunters 
Point, as well, are about 8.5 mik^s from the fault. Hunters Point is the most easterly 
point in the district. 

GEOLOGY. 

It is divsirable to insert here a brief abstract of the g(jology of the northern part of the 
San Francisco peninsula, for it will appcjar that the effects produc,(Hl by the (iarthquake 
were largely influ(inc(5(l by the character of the underlying formations. Map No. 17 
shows the distribution of the gi^ological formations at the surface. It shows also the areas 
of ''made^' land. These areas wcTe detc^rmined by plotting tlu^ shon^ line shown on the 
accurate chart published in 1853 by the U. S. (’Jofist and Geodetic Survey, upon the 
latest accurate chart of the same bureau. In these districts the materials forming the 
surfacci have been transported to tludr present position by human agency. The depth 
or thickness of this '^filled” stratum is variable and, for the most part, not definitely 
known. 

A little study, comparing the areas of rock with the topographic contours, shows that 
all the hills are of firm rock, mostly coated with a veneer of soil and veg(5tation, but fre- 
ciuently outcropping at the surface. In general, their lower flanks are more and more 
thickly covered with loose sand and alluvium the nearer approach is made to the floor of 
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the valleys or the districts of sand-dunes. At the lower levels such loose materials cover 
the whole area very generally. The thickness of these strata must be notably variable, 
considering the uneven configuration of the rock surface where it emerges from this 
mantle, since it is probably no less irregular beneath the covering. Very little informa- 
tion is available concerning the depths to which these uncemented materials extend. A 
well at the United States mint is about 176 feet deep and is believed not to have reached 
bedrock. A boring that was sunk at the corner of 7th and Mission Streets past thru 
sand and clay to a depth of 264 feet, but did not reach bedrock. In general the sands 
and clays fill deeply the major valle3n3. Mission and Islais. The minor northwest fork of 
Mission Valley, called Hayes Valley along its lower part, is probably less deeply filled. 
This is certainly true of its upper reaches, to which, in this report, the name Upper Hayes 
Valley is applied. Minor valleys and gullies all over the area have thin coverings of sand 
and alluvium which quickly thin out where the slopes of the hills begin to rise steeply. 

From the ocean inland for a considerable distance extends an area covered with sand- 
dunes. This district is limited irregularly at the east by the contour of the hills. The 
sands form a thick mantle near the ocean shore, which becomes thinner and thinner as it 
rises upon the lower flanks of the hills. As in the case of the materials filling the valleys, 
the rock floor upon which the sands rest is probably very irregular. 

Of the hills, the northern ridge is carved out of the firm sandstone of the Franciscan 
series. Along this ridge are the summits of Telegraph Hill, Nob Hill, and Russian Hill, 
with other unnamed hilltops to the west, separated from each other by little saddle-like 
depressions in the smlace. The outlying summits of Black Point and Rincon Hill appear 
to belong genetically to this ridge. This body of sandstone abuts on the west against a 
mass of serpentine, which forms a narrow range of hills stretching southeastward across 
the peninsula from Fort Point to Potrero and Hunters Points. 

This serpentine is intrusive in the firm Franciscan rocks, chert, and sandstone. The 
southwestern boundary of the serpentine in the vicinity of Fort Point is determined by a 
fault which has a throw of about 1,000 feet. This fault may possibly extend quite across 
the peninsula along the southwestern limits of the serpentine, but the field evidence does 
not warrant any definite statement. The fault movement occurred so long ago that the 
present land surface gives no unequivocal indication of its position. Mission Valley cuts 
across the body of serpentine, separating the northern hills from the southern group. 
The northern group rises along the western boundary of Hayes Valley. 

The central and southern hills, and the ridge at the northwest of the city, arc carved 
intricately from firm Franciscan rocks, sandstone, and chert, commingled with minor 
bodies of irruptive rock of basaltic character. 

The hills of the more remote southwest corner of the city and county are of softer 
rocks of more recent geological origin — sandstones and shales of the Merced formation. 
These are relatively little cemented. Readers interested in a more complete account of 
the geology should consult the detailed report on this peninsula.* 

DESTRUCTIVE EFFECTS AND INTENSITY SCALES. 

To some extent the earthquake caused damage to buildings and other structures in 
all parts of the city and county of San Francisco. The whole area was decidedly within 
the destructive zone. Still, over a large part of this area, far the larger part, the damage 
was slight both in amount and character. Almost everywhere chimneys were thrown 
down or badly broken, but in a few small localities most of the chimneys withstood the 
shock. Some probably were unhurt. Plaster on walls and ceilings was very generally 
damaged. So, probably, were frail partition walls and chandeliers, crockery and fragile 
household furnishings. Such effects were t 3 q)ical of large sections of the city. There 

' The Geology of the San Francisco Peninsula, by Andrew C. Lawson, ISth Ann. Rept., U. S. G. S. 
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were relatively small districts, however, in which brick and frame buildings of ordinary con- 
struction were badly wrecked or quite destroyed. Pavements were fissured, buckled, and 
arched. Sewers and water-mains were broken. In places, portions of streets were moved 
laterally several feet out of place. Well-ballasted street-car tracks, equipped with 8, 10, 
or 11 inch rails, were arched and flexed or thrown into shallow wave forms. The whole 
land surface, sometimes fur several blocks together, was deformed into shallow waves of 
irregular extension, length, and amplitude. Effects of this degree of violence were pretty 
closely confined, as has been stated already, to areas of “filled” or “made” land. Such 
characterize, therefore, only a small portion of the city ; but, as it happens, areas of 
commercial importance and of special interest for the scientific purposes of this inquiry. 
In consequence they will require a relatively large share of attention. 

These destructive efftjcts vary in degree from place to place thru the whole range be- 
tween the extremes cited. In some cases this variation is l)Ost shown by the character 
of these effects; again by the freciuency of their occurrence. The change from strong 
effects to weak sometimes taking place rather abruptly within the distance of a block 
or two, or less. Commonly the localituts where very violent effects were produced are 
themselves pretty sharply limited. In such cases, however, there is still a noticeable 
variation in the sort and amount of damage n^iulting at different points just outside their 
limits, along their peripheries. At other places the (hwtructive effects change gradually 
thru a distance of several blocks. 

This areal variation iii the degree of damage indicates clearly a like variation in the 
intensify of the shock. The effects producctl are the direct results of the intensity mani- 
fested, since where nearly all kinds of structures aro to be found in all districts, of whatever 
intensity, such factors as the individual strength of the injured structures must practically 
cancel in the aggregate result. Consequently the destructive effects furnish a measure of 
the intensity, not very precise, it is true, but the best available, sin(!(j no seismographic 
instruments w(;re maintained in the city. By a classification of these effects different 
grades of intensity can l>c recognized and defined. 

Several such classifications have b<!en maile by stusmologists for this purpo.se. The 
best known of these is the llossi-Forel intensity scale, which provides t(«i scale! numb(!rs. 
The first defines a shock just barely perceptible to a sensitive ol)sorver, or one recorded by 
a sensitive seismograph ; the tenth, a greiat disaster. The four highest numbers of this 
scale, as republished by the present Commission in its Preliminary Report, an; as follows: 

VII. Violent shock, overturning of loose objects; falling of plaster; striking of church 
bells; some chimtuiys fall. 

VIII. Fall of chimneys ; cracks in the walls of buildings. 

IX. Partial or total destruction of some buildings. 

X. Great disast(!rs; overturning of rocks; fissures in the surface of the earth; 
mountain slides. 

The range of intensity in the city did not exceed th(!se limits. Probably it did not reach 
the higher numbers recognized by the scale numtxir X. In only a few small localities were 
the minimum values of scale number VII prevalent. It is easy to see, however, that this 
scale distinguisluvs its three upper scale numbers in vague terms, particularly with regard 
to effects likely to be produccHl in a motlem city. For this reason it Was found unsatis- 
factory for the investigations in San Francisco. 

A scale of greater merit is that devised by Professor Oraori, of Tokyo, given below: 

No. 1. Maximum acceleration is 300 mm. per sec. per sec. People run out of houses ; 
brick walls of bad construction are slightly cracked ; plaster of some old dozo (godowns) 
shaken down ; wooden houses so much shaken that cracking nois(!S are produced ; troes 
visibly shaken ; water in ponds rendered slightly turbid in consequence of the disturbance 
in the mud. 
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No. 2. Maximum acceleration is 900 mm. per sec. per see. Walls in Japanese houses 
cracked; old wooden houses thrown slightly out of the vertical; tombstones and stone 
lanterns of bad construction overturned; in a few casus changes arc produced in hot 
springs and mineral waters; ordinary factory chimneys not damaged. 

No 3. Maximum acceleration is 1,200 mm. per sec. per sec. About one factory 
chimney in every four is damaged; brick houses of bad construction are partially or 
totally destroyed ; a few old wooden dwellings and warehouses totally destroyed ; wooden 
bridges slightly damaged; some tombstones and stone lanterns overturned; shoji 
(Japanese paper-covered sliding doors) broken; roof tiles of wooden houses disturbed; 
some rock fragments thrown down from mountain sides. 

No. 4. Maximum acceleration is 2,000 mm. per sec. per sec. All factory chimneys 
are broken; njost of the ordinary brick buildings partially or totally destroyed; some 
wooden houses totally destroyed; wooden sliding doors and shoji mostly thrown out of 
their grooves ; cracks 2 or 3 inches in width, in soft or low ground ; embankments slightly 
damaged luire and there; wooden bridg(!s partially destroyed; and ordinary stone lan- 
terns overthrown. 

No. 5. Maximum acceleration is 2,500 mm. ])er sec. per sec. All ordinary brick 
hou.ses veiy severely damaged; about 3 per cent of the wooden houses totally de- 
stroyed; a few tera, or Buddhist temples, are thrown down; embankments severely 
damaged ; railway lines slightly curved or contorted ; ordinary tombstones overturiwul ; 
ishigaki, or masonry walls, damaged here and there ; cracks 1 to 2 feet in width pro- 
duced along river banks; water in rivci-s and ditches thrown over the banks; wells 
mostly affected with changes in their waters ; landslips produced. 

No. 6. Maximum acceleration is 4,000 mm. per sec. per sec. Most of the tera, or 
Buddhist temples, are thrown down ; 50 to 80 i)er cent of the woodem houses tqtally de- 
stroyed; embankments shattered almost to pieces; roads made thru paildy fields so much 
cracked and deprest as to stop the passage of wagons and horses ; railway lines very much 
contorted ; wooden bridges partially or totally destroyed ; tombstones of stable construc- 
tion overturned ; cracks a few feet in width formed in the ground, accompanicul somcitimes 
by the ejection of water or sand; earthenware buried in the ground mostly broken; low 
grounds, such as paddy fields, very greatly convulsed both horizontally and vertically, 
sometimes causing trees and vegetables to die; numerous landslips produced. 

No. 7. Maximum acceleration is much above 4,000 mm. per sec. iK',r sec. All build- 
ings except a very few wooden houses are totally destroyed ; some houses, gates, etc., pro- 
jected 1 to 3 feet; remarkable landslips produced, accompanied by faults and shears of 
the ground. 

In the foregoing scale, in addition to these definitioas by destructive effects, it will be 
noticed that a range of values for the acceleration is assigned to each scale number. These 
acceleration values have been tested experimentally by Professor Omori, and found 
accurate within narrow limits. Consequently it Ls calhid an ahHolute scale. It is the best 
intensity scale yet proposcid. Since, however, it is defined in terms of damage produced 
upon Japanese structures, it would require constant critical interpretation in use in an 
American city. For this reason, it is believed to be not so w(!ll aclaptcd to the purposes 
of this investigation as the scale proposed ImJow. This is espcicially true since the values 
of the acceleration necessary to produce the tlestructive effects encountered here have not 
been determined by experiment. A use of the absolute scale would, therefore, pretend 
to an accuracy not attained with any certainty. The following scale will be referred to 
as the San Francisco scale : 

Grade A. Very violenl. — CJomprizes the rending and shearing of rock masses, earth, 
turf, and all structures along the line of faulting; the fall of rock from mountain sides; 
numerous landslips of great magnitude ; consistent, deep, and extended fissuring in natural 
earth ; some structures totally destroyed. 
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Grade B. Violent. — Comprizes fairly general collapse of brick and frame buildings 
when not unusually strong; serious cracking of brick work and masonry in excellent 
structures; the formation of fissures, step faults, sharp compression anticlines, and broad, 
wave-like folds in paved and asphalt-coated streets, accompanied by the ragged Assuring 
of asphalt; the destruction of foundation walls and underpinning structures by the 
undulation of the ground; the breaking of sewers and water-mains; the lateral displace- 
ment of streets ; and the compression, distension, and lateral waving or displacement of 
well-ballasted street-car tracks. 

Grade C. Very strong. — Comprizes brick work and masonry badly cracked, with 
occasional collapse; some brick and masonry gables thrown down; frame buildings 
lurched or listed on fair or weak underpinning structures, with occasional falling from 
underpinning or collapse; general destruction of chimneys and of masonry, brick or 
cerh(jiit veneers; considerable cracking or crushing of foundation walls. 

Grade D. Strong. — Comprizes general but not universal fall of chimneys ; cracks in 
masonry and brick work; cracks in foundation walls, retaining walls, and curbing; a 
few isolated cases of lurching or listing of frame buildings built upon weak underpinning 
structures. 

Grade E. Weak. — Comprizes occasional fall of chimneys and damage to plaster, parti- 
tions, plumbing, and the like. 

This scale obviously is simply a classification of the phenomena observed. It defines 
as many grades as the facts seemed to express in this field. It is more finely subdivided 
than the Rossi-Forel scale and, for conditions in a modern city, the definitions arc better 
framed. It has less intrinsic merit than the Omori scale, for both scales cover a similar 
range of destructive effects, but the subdivision is finer and more evenly spaced in the case 
of the Omori scale. Also the grades of the San Francisco scale can not be fixed by values 
of the acceleration, except approximately by comparison with the absolute scale. The 
fact, however, that it does not pretend to absolute values seems a point in its favor under 
the circumstances. And it is a practical scale for the phenomena dealt with. 

Altho rigorous values can not be obtained by such means, it is desirable to subject the 
grades to careful comparison with the numbers of the Omori scale in order to determine 
reasonably close accekiration values for them. 

A comparativ(i study of the .3 scales is summarized diagrammatically in the accom- 
panying table at the top of next page.' 

Some of the effects which serve to define Grade A are weaker than the maximum effects 
defining No. 6 of the absolute scale; and nowhere, not even in the vicinity of the fault, 
were most buildings totally destroyed. 

Grade B covers a wide range?. Perhaps if the initial shock had be(?n a little stronger; 
it could have b(?cii subdivided with some certainty. 

Grades C and D cover each a slightly lower range of values than the scale numbers 3 
and 2, to which they correspond most closely. 

Grade E, as defined, is more narrowly limited than No. 1. 

These values, despite their lack of precision, constitute the Ixist approximation to an 
absolute measure of energy developed, for each grade of intensity, which it appears prac- 
ticable to attain. There were no instruments of precision to record the character and 
amount of the motion of the shock, hence estimates of other sort than this se(?m difficult 
to make. The fact must not be lost sight of, however, that it is only an estimate, based 
upon the interpretation of a series of destructive effects produced in very variable media 
under variable conditions and then compared with a similar series of destructive effects 
produced in structures of a different sort, for which pretty accurate acceleration values had 
been determined experimentally. 

‘ The definitions of the Omori absolute scale and the information about it are taken from the book 
on Earthquakes in the Light of the New Seismology, by Major 0. E. Dutton. 

Q 
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It may be perhaiw well to point out that Grade D lies Ixitween Nos. VII and VIII of 
the Ro.ssi-Forel scale. This grade characterizes the greater part of the city, as the in- 
tensity map shows. Grade B, equivalent to Nos. IX and X of tin; same scale, is character- 
istic of very small areas only. Grade A is not exhibited in the city proper. 

Utilizing the San Francisco scale, intensity map No. 19 was prepared, which indicates 
the location and areal extent of the districts characterized by each grade of intensity. 
It presents graphically the results of the field work. In the field study, practically all of 
the city proper, including the large area devastated by fire, was thoroly traversed, ex- 
cepting one or two Isolated hilly localities where a brief examination showed no significant 
damage. Unbuilt districts wen;, of course, comparatively neglected, except where dis- 
turbances of natural objects were found or lookt for. Chimneys, buildings, streets, 
paving, cubing, sidewalks, car tracks, retaining walls, etc., were subjected to careful 
scrutiny, and such injuries as wore observed were classified on the spot in terms of the San 
J^rancisco scale. The intensity indicated was recorded by a spot of color placed upon a 
field map of suitable scale (1,7G0 feet to the inch, or 1: 21,120). Many photographs 
were made, some of which appear as illustrations in this report. 

D<ttail<Ml field notes were made only when damage of unusual or striking character was 
encounteretl, or when it was perplexing. Wlicn oiTects were observed which seemed 
likely to be of value in analyzing the character of the earth motion, notes were made. 
Little indoor evidence was obtained or sought. 

It will thus be seen that the field study, while adequate for the purposes in view, did ifot 
constitute an expert engineering investigation, dealing with specific details and location 
of damage. Frequently there was doubt as to what grade of intensity should be assigned 
to a given city block, because of conflicting or inadequate evidence in the field. This is 
particularly true of districts swept by fire, especially where the intensity was low; for most 
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of the effects which serve to define the lower grades were obliterated with the structures 
in which they were developed. Where buildings were sparsely distributed, it was often 
hard to determine what grade of intensity was developed, for the evidence was scattering 
and heterogeneous. Nevertheless, the map is a pretty faithful representation of the dis- 
tribution of intensity, and quite justifies the scientific and economic conclusions of a 
general nature that are drawn from it here. 

On the map, color in northwest-southeast bars (A, B, C, D, E) represents districts 
marked by unequivocal evidence. Continuous lines indicate the position of well-deter- 
mined boundaries between areas affected by different grades of intensity. Color applied 
in northeast-southwest bars (a, b, c, d, e) represents districts in which the evidence 
was scanty or circumstantial; and dotted lines indicate the position of boundary lines 
which were determined but vaguely by the phenomena in the field. 

DETAILED DESCRIPTION OF THE EVIDENCE BY LOCALITIES.^ 

No district designated upon the map as exhibiting intensity of Grade E, so far as the 
writer could find, exhibited any destructive effects of a more violent kind than the fall 
of chimneys. The really typical measure of intensity for th(\se localities was the cracking 
and falling of plaster. Without exception, these arc placets where th(^ firmly cemented 
bedrock of the Franciscan formations is either exposed directly or covered with a very 
thin mantle of soil. This lowest grade of intensity does not, by any means, characterize 
all places where the firm bedrock is exposed at the surface;. It was rather developed on 
the summit portions of the rocky hills. The tops of Telegraph Hill and Russian Hill are 
distri(!ts in which a large; part of the chimneys withstood the shock. This was also the 
case; with the upper sleipes of the chert hills about the he;ad of Market Street, at the ceuiter 
e)f the area. Scarcely any injuries resulted on the hills of the; Potrero; and e)ne or two 
small serpentine hills just north of Market Street were like' wise immune;. Similarly, the 
Hunters Point serpentine ridge was subjected to a she)e;k e)f low inte'iisity ; at least, a 
hasty survey pointed to this conclusion, tho the evide*nce was sparse and not thoroly- 
examined. San Bruno Me)untain, however, was alK)ut as ne;ar te) the zone; e)f faulting as 
Point Lobos, where most of the chimneys were thrown. Inte;nsity of Grade D is believed, 
therefore, to have be;en developenl upon the summit of San Bruno Mountain. 

The general fall of chimneys, slight cracking of brick work, and such damage, denoting 
intensity of Grade 1), characterize;s the nortlieastern half, or possibly two-thirds, of the 
city anel county, ex(;e;pt in localities where; sp?cial conelitions, chiefly lithological, modify 
it. Districts of e;xpe)sed bedrock on the flanks of the hills, anel of sanel anei alluvium 
wrapped as a thin mantle about their lower slopes, exhibited this elcgree of damage;. 
Consequently a large; area was affected by this grade of intensity which doe;s not, in geneTal, 
reeiuire detaileel discussion; no violent nor specially significant effects being produced. 
Where, however, the le)e)se earth ce)vering is thicker, the magnitude and frequency 
of damage increases. Marke;t Street, between Second and Fourth Streets ; Mission Street, 
between First and Third Streets ; and Howard Street, between Second and Third Streets, 
together with the blocks in the neighborhood of Market Street on Montgomery and 
Kearney Streets, Grant Avenue, Stockton and Powell Streets, form a district in which the 
effects denote an intensity only a little short of Grade C. A large i)roportion of the build- 
ings w(;re excellent structures which individually withstood the shock well. In conse- 
(juence, it was difficult to draw a line in this region between districts marked by broken 
chimneys and cracked brick walls, and those where more serious damage was certainly 
developed. The resistant character of the excellent buildings and the; thoro obliteration 
by the fire of evidence produced in poor structures, render the determination of the 
intensity as Grade D somewhat doubtful. 

» The streets referred to in these descriptions are j^hown on map 20 of the atlas. 
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In the blocks adjacent to Point Lobos Avenu(j and Clement Street, between First 
Avenue and Sixteenth Avenue, in the sand-dune district, damage — mostly of Grade D — 
was prevalent. This locality is the part of the city nearest to the seat of the disturbance, 
and the cov(jr of sand whi(di rests upon the uneven bedrock is unevenly thick ; therefore 
irregular variations of intensity are to be cxpectcitl. Nevertheless it is not easy to fix the 
boundaries hetweciii Grade C and Grade D in this part of the city. 

Along Oak and Fell Streets, and th(‘. Panhandle Parkway from Broderick Street west, 
the intensity clos('ly approach(*s Grade C without seeming quite to reach it. 

Along Washington Street and its immediate vicinity, from Baker Strecit west to Spruce 
Street, on the crest of the sandstone ridge, the intensity is higher than for most other 
localities of exposed bedrock. Fallen chimneys and cracks in foundation walls were 
mon* prcvalimt than in most areas so situated. 

On b(‘(lrock at Point Lobos, also, the effects indicate an intensity pretty close to 
Grade C, but this locality is iK^arer the fault than any other Fram^iscan outcrop sav(j the 
western slopes of San Bruno Mountain. 

We may say in gemiral, therefore, that Grade I) is the intensity dev(?lop(Ml on ban? rock 
foundations, or on rock only moderately coated with soil, in the north('astcrn part of the 
city and county of San Francisco. 

In the low lands of the valleys, and along portions of the wat(T-fron(., ihv sand and 
alluvial deposits arc thicker and th(‘ destructive effects were inenjased in magnit.udi‘ and 
in prcvah^nce ; also thruout a large part of the sand-dune tract at the wt^st, wlaTcvcr 
evidt^nce was obtained, inen^ased intensity was found to prevail. 

All ov(T Mission Valh^y and Hay(js Valley, including ITpjMT Ilayes Valhiy, brick walls 
W(TO cracked and some gables and walls actually fc^ll. Buildings jdaced on weak under- 
pinning were frequently displaced slightly from tlie vc^rtical. In a f(jw easels, wc^ak frame 
dwellings collapsed as a result of tluj giving way of w(‘ak foundation st.ru(*.tur(js. Most 
chimney stacks were l)rok(;n. In no part of this large district was evid(m(^(i of this kind 
lacking, altho the majority of the structures were fairly substantial framci dwc^llings, and 
were of course not s(?rioiisly damaged. There was much indoor damage, but no investi- 
gation of this was undertaken. 

At the outer margin of this arcia, marked by an intensity of Grade (-, the d(‘struetive 
effects were w(*aker, indicating an intensity just above Grade I). Wluirc the district 
adjoins localities which suff('n*d a still severer shock, tlu* damage was of gn^att^r magni- 
tude and more prevalent. B(isides this gradation tluu-e were, within the limits of the dis- 
trict, several little localities wla^re th(i characteristic d(\structive effects wer(‘ conspicuously 
numerous. 

In the neighborhood of O^Farrell Stre(»t, between, say. Mason and Taylor Streets, brick 
work was sadly craekcul. Photographs made l)efore the fire (plate 87a) show that some 
building fronts w(Te thrown out on O'FaiTcH Strecit in this vicinity. Many of the build- 
ings iK'reabouts were m('dio(Te structures at best-, but injuri(\s were too generally dis- 
tributed to 1)(^ ascribed wholly to structural weakiKiss. The damage was not of great 
magnitude* and did not indicate intensity of Grade B,so far as could be made out from the 
ruins after the* fire. 

N(OT th(^ Gity Hall thejre was a small locality conspicuous for the damage prodiK^ed. 
The ('ity Hall itself made a pictureseiue ruin (plates 82 and 83a), as all the world knows, 
but the charac.ter of th(^ construction was probably a larger factor in its de^struction. 
Nevertheless ugly cracks in other buildings near by indicated intensity somewhat 
higher than vras common in the valley district as a whole. 

Just south of Jefferson Square some weak buildings quite collapsed, and foundation 
walls wer(* generally cracked and crusht. Wooden underpinning showcnl a tendency to 
lurch and throw buildings slightly out of the vertical. Similar effects prevailed along 
Folsom and Treat Streets for two or three blocLs south of Eighteenth Street. 
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The blocks between the old tide-marsh area, extending east from near the Post-offico, 
and the former course of Mission Creek, give evidence in the form of cracked foundation 
walls, broken concrete cellar floors, (^tc., of intensity values high in Grade C. The fire 
did much to destroy evidence here, as it was a district of wooden dwellings. 

From near the corner of Third and King, to the corner of Folsom anci Sttmart Streets, 
there is a narrow fringe of land constit uting the water-front around Rincon Point. The 
land is partly natural and partly made?. F(^w structures are found on it which ar(5 m)t 
built on piling, whether they be warehouses on the docks or good modern buildings. Some 
parts of the area are devoid of buildings. No evidence was disclosed in this tract indicat- 
ing intensity higher than Grade C. Significant evidence was scjarce. Cracked brick 
walls here and then? served to fix the degree of intensity. 

Onward to the north and to the west from the corner of Steuart and Folsom Streets, 
extends a narrow sinuous area around Telegraj)h Hill to the vicinity of Black Point, 
which is designated upon the map as affected by an intensity of Grade C. Such effecds 
as badly cracked brick walls, some of which fell, the fall of cornices and gables, etc., 
are said to have been developed here. Such evidence as could be made out amid the 
fire ruins tends to confirm this. This region divides the water-front area of made land, 
where high int(^iisity was dev(^loped, from sandstone hills, where a lesser shock was ex- 
perienced. It will be discust further in connection with phcinomcna of special significance. 

A low-lying crescent-shaped area of alluvium and sand, with a little made land near the 
shore, extends westward from Black Point to Fort Point. South, east, and west the 
hills rise stc^eply. P'ormerly a tide-marsh completely separated the alluvial flats from the 
sandbar at the shore. Part of this, near its mouth, has been filled. Buildings are scantily 
distributed all over the area. Evidence in the form of structural damage is not, therefore, 
met frequently. The filled land of th(5 tidivmarsh is devoid of structures. There arc 
s(^v(^ral littk; loc.aliti(^s in this district marked by damage denoting intensity of Grade B. 
Those will be mentioned later. For the most part, frame buildings occasionally tilted a 
little out of the vertical, and cracked and crusht foundation walls are typical of the de- 
structive effects found here. 

Leading dovrn into this area from near the corner of Polk Street and Pacifici Avenue 
is a minor valley, once deeply trenched, but now modifi(‘d by alluvial and artificial filling. 
Along its course most chimneys were thrown and foundat ion walls were cracked and crusht 
generally. Two little places, where intensity of Grade B was developed, are situated in 
the trough. They an^ discust Ix^low. 

A group of small areas, 4 in number, together with a small spur of Mission Valley, 
situated along a line extending northwest from about th(^ junction of Sixte^uith and Dolores 
Strec^ts, is designated upon the map as characterized by intensity of Grade C. It chances 
that the northw('st extremity of this line coincides with the location of an old fault-zone, 
mentioned above as partly d(!termining the southwestern limits of the serpentine. 

In one of these localities, practically bounded by Maple, Spruce, Washington, and 
California Streets, brick walls and foundations were cracked conspicnxously. A building 
at the corner of Maple and Washington Streets had a balcony supported by pillars above 
its front entrance. This was thrown down, and the walls were cracked rather badly. 
It was probably a structure ill adapUid to resist earthquake shock. Still it stands directly 
upon a bare ledge of serpentine, and upon similar rock in the Potrero, an equal distance 
from the fault, intensity of only Grade? K was developed. 

At the corntir of Maple and California Streets, the Hahnemann Hospital, a new brick 
building, sust ained severe damage, particularly the east wing. If n(?ighboring structures 
showed any destructive? effects comparable with this, intensity of Grade B would be in- 
dicated. But they do not. Some cause peculiar to the buikling itself is responsible for 
the exaggeration of the intensity. Probably the newness of the masonry was a contribu- 
tory factor. The surface material here is sand, but it can not be veiy thick. 
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Along the same line, near the comer of Waller and Portola Streets, is a little locality of 
sharp intensity, quite within the lower range of Qrade B. It occupies about a block. 
In the adjoining blocks chimneys fell generally, houses were disturb^ slightly on their 
foundations, and foundation walls were cracked. Here a thin layer of sand occupies 
the bottom and lower slopes of a sharp little valley. There are low serpentine hills just 
to the east, with higher chert hills to the west. 

In the vicinity of the comer of Van Ness Avenue and Clay Street, there is a low place, 
or saddle, in the crest of the sandstone ridge where, without apparent lithological cause, 
there were manifestations of some violence. Some apparently good buildings displayed 
conspicuous cracks. It is believed that this damage may be in part ascribed to explosions 
of dynamite used in checking the fire, but in many cases the cracks do not appear to be due 
to this cause. There is doubt as to the meaning of the evidence here. 

In the western part of the city proper, the Richmond district, the Sunset district, and 
Golden Gate Park, there are several places where chimneys were quite generally destroyed 
and houses were shifted slightly on their foundations. lioose sand covers the rock to an 
unknown depth, but this mantle is prolmbly not very thick. 

Lake Street, in the vicinity of Fifth, Sixth, and Seventh Avenues, is one of these local- 
ities, where, for instance, the Maria Kip Orphanage exhibit wl conspicuous cracks in 
i(s brick walls, as well as fallen gables. In the Home for the Aged, not far away, cracks 
in the brick walls were numerous. Dwellings of wooden frame construction were less 
seriously damaged; but even these were much more noticeably affected than others at a 
little distance. The buildings of these charitable institutions were probably not vciy well 
constmeted. 

A smaller area, on Eleventh Avenue between California and Clement Streets, shows 
one frame dwelling quite mined by collapse. (See plate 88a.) This was due to the giv- 
ing way of a high-posted wooden underpinning. Houses near by are comparatively 
little affected. It is suggested that this locality is a place filled by grading. 

Along First Avenue, between Point Ijobos Avenue and A Street, a considerable length 
of the west wall of the Odd Fellows Cemetery was throw’n ov(ir to the east. This was a 
concrete wall 5 or 6 feet high, with a thickness at the; base of from 1 to 1.5 feet. It was 
reenforced near the top by a 2-inch gas pijM! running the length of the wall. Houses 
on the west side of the street were slightly shifted on their basenjcnts. 

On Third Avenue, between Point Ix)bo8 Avenue and Clement Street, the underpinning 
of houses was disturbed. 

The French Hospital buildings, which occui)y the entire block bounded by Point 
Lobos Avenue, Fifth Avemue, A Street, and Sixth Avenue, showed ugly, X-shaped cracks 
in the brick walls, especially in the central towers. Some brick work fell from the gables, 
and the chimney stack was broken. 

In this part of the city buildings are isolated or in small (blusters, with unbuilt districts 
of blown sand intervening, (^onsciquently evidence was scarce and unsatisfactory. 

The Park Emergency Hospital, near the southeast comer of Golden Gate Park, had its 
walls badly crack(‘d and its gable thrown out. It is a small, 1-story, sandstone building, 
with a wooden frame. Its site was loose sand of unknown depth, probably extensively 
graded. Evidently it was not an excellently built structure. The re.staurant at the 
children’s playground in the Park was wrecked. (Plate 86.) 

The Museum in the Park, not far from the corner of Eleventh Avenue and Fulton Street, 
was a wooden framed building, wit h brick and plaster walls. These were cracked very 
badly, and considerable portions fell. Near by considerable brick and stone fell from the 
comice of the music stand. Ugly cracks traversed the hemispherical arch, constructed 
of sandstone blocks, which served as a sound reflector. The building was made of sand- 
stone blocks, backed with brick. In some of the columns, several of the blocks are moved 
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out of place. Two or three smaller buildings in the immediate neighborhood were also 
notably damaged. Intensity equivalent to high values of Grade C was certainly devolo{)ed 
hereabouts. In some cases it undoubtedly reached low values of Grade B. Yet the glass 
walls and roof of the conservatory, and of the aviary close by, were not appreciably 
damaged. This discrepancy shows clearly that some purely local factor determined the 
amount of damage. 

Buildings on the beach sands near the Cliff House, close to the sandstone cliffs of Point 
Lobos, were strongly shaken. A small 1-story brick pumping station had its walls 
badly cracked and portions thrown down; its chimney stack also was broken. Weak 
underpinning in some neighboring frame buildings yielded perceptibly. Here also an 
abrupt transition is noticed from intensity of Grade C on the sands to Grade D on the 
sandstone cliffs. 

Near Lakeview, fairly well built frame buildings on dune sand of unknown thickness 
were caused to lurch and shift their positions. 

Ocean Avenue, lx 5 twecn Inglcsidc and the sea, tho almost devoid of structures, shows 
by the unearthing, bending, and even breaking of drainage and water pipes, and by 
fissiu*es in the road and asphalt paving, a change of intensity from Grade C to Grade B. 

LOCALITIES OF LESSER IMPORTANCE AFFECTED BY INTENSITY OF GRADE B. 

In the neighborhood of the crossing of Steiner and Sutter Streets, there is an irregularly 
bounde<l district a little larger than a city block in which several buildings not conspicu- 
ously weak were totally destroyed. St. Dominic’s Church, at the corner of Steiner and 
Bush Streets, was a complete ruin, as the illustration (plate 92a) shows. Its steeple 
towers were ruined, its roof fell in, and all its walls were so badly cracked that it became 
a menace to the neighborhood. If the shock had occurred during the hours of religious 
service, few would have escaped from the building alive. Probably it was not a building 
of the most excellent construction ; but, on the other hand, it did not appear to be built 
flimsily. It certainly suffered a most violent shaking. Near by small frame dwellings 
were pitched from their underpinning. 

On Geary Street, just above Fillmore Street, two wooden-framed brick buildings stand- 
ing side by side — the Albert Pike Memorial Temple (Masonic) and a Jewish Synagogue — 
were utterly wn'cked, as the illustration shows. (Plate 87b.) The Girls’ High School, 
near by on O’Farrell Stnn^t, at Scott Stmst, {loorly and flimsily built, was badly damaged. 
Its walls were much cracked and portions of the gable walls were thrown down. 

This district of Grade B intensity is on the floor of Upper Hayes Valley and is sur- 
rounded by a relatively broad area in which Grade C effects prevail. It lies near the base 
of the hills which hem in the valley on the cast. The surface strata an; .sand and alluvium 
extending to no great depth, unkws the slopes of tin; bedrock hills change suddenly where 
they pass under the mantle of loose materials. No explanation can be offered for the 
occurrence of this limited area of high intensity (Grade B) unlass it be that the district 
has lieen converted into “made” ground by extensive grading in the preparation of the 
surface for building sites and stn'ots. 

At the comer of Vallejo Street and Van Ness Avenue, Assures were formed in the asphalt 
paving, sidewalk pavements were thrust over the curbing, and water-mains and sewers 
were Imiken. Buildings were thrown out of the vertical, and foundations and low(;r story 
walls were shifted and crusht. The walls about the foundation of one brick building wore 
actually deformed into undulations with much consequent cracking. This building was 
so badly damagc<l that it had to be taken down. Surrounding this comer Is a small ovoid 
district, about 2 blocks in extent, in which the intensity was clearly of Grade B. This 
was once a sharp ravine and had been filled to a depth of 40 feet in order to provide a 
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suitable grade for streets and buildings. The filling was shaken together and moved 
slightly downhill. 

On Lombard, between Gough and Octavia Streets, is a little area, less than a block in 
extent, in which the destructive effects were of Grade B. No particularly notable effects 
were produced. It is a district of made land, formerly the site of a little lagoon in the 
sands, known as Washerwoman’s Lagoon. A portion of Union Street, between Pierce 
and Steiner Streets, not more than a quarter of a block in length, where a filling had been 
made to equalize the street grade, was shaken down into the adjacent building lot on the 
north. The north sidewalk was shifted about 10 feet to the north, and deprest about 10 
feet below its original level. The south sidewalk was deprest a few inches and shifted to 
the north from 2 to 3 feet. The paving and the cable conduit suffered more severe damage 
than at any other {loint in the city. The photograph (plate 88b) conveys a graphic 
conception of the very great violence which occurred here. The phenomena have no 
general significance, however, despite their striking character, being merely a sliding of 
unconsolidated material not supported on the sides. But that such places are dangerous 
building sites, especially in regions subject to seismic disturbances, is unequivocally 
demonstrated. 

Along the north shore water-front, between Fillmore and Steiner Streets, from Bay 
Street to the water’s edge, was a plot of made ground occupied by a gas-producing plant. 
Here brick walls were cracked and partly thrown down ; part of the wooden framework 
was wrenched out of position, and the chimney stack was broken. One of the large gas- 
containers was badly wrecked, but whether its destruction was caused directly or in some 
secondary way, as by rapid leakage, is not known. The intensity was clearly Grade B. 

Along Lyon, Baker, and Broderick Streets, north of North Point Street, is a small 
locality 2 blocks wide and 4 blocks long, where the Baker Street sewer was broken and 
frail frame buildings were thrown out of the vertical. This district was partly made land, 
but the greater part was on the point of a sand-pit. Unquestionably extensive grading 
had been done to prepare the ground for building. 

In Golden Gate Park, near the Museum, the granite railing of a stone-arch bridge was 
shattered by the shock. This was a low lialustrade, with many tunied granite posts set 
closely together, supporting a flat, mas.sive granite top-rail. Such damage as it sustained 
appears to indicate an intensity of Grade B. The bridge was built on loose sand of no 
great thickness. 

On Fulton Street, between Twelfth and Thirteenth Avenues, there was much slumping 
of the street-filling down into the Park arljacent; and exactly the same sort of damage 
occurred on H Street, between Ninth and Fourteenth Avenues. Altho, under the 
definitions, the damage produced in these localities denotes intensity of Grade B, it is 
belii v(h 1 that the energy of the shock was not greater than elsewhere in their immediate 
neighborhoods. They were especially susceptible to damage from earlluiuake shock, 
being practically loose earth embankments. 

Strawlierry Hill, in Golden Gate Park, is a chert knob rising abruptly in the sand wastes. 
Its summit had been leveled, but it is not known whether this was done by cutting off the 
top and filling out the upper slopes, or by filling alone. The altitude given for the present 
hiU is the same as that given in the earliest accurate surveys. Much artificial stone work, 
and a circular concrete observatory building 2 stories high, had been erected upon the 
leveled hilltop. This building was of weak design, having a row of columns, with windows 
between, which rested upon a foundation wall 3 feet high and supported a heavy second- 
story balcony. The construction itself was probably good, but the observatory was 
utterly ruined by the shock. (Plates 84 and 85.) The entire lower story was sheared 
out of position, and part of the balcony fell. The cement floor showed numerous cracks 
arranged in a roughly concentric way. 



IS08E1SMALS: DISTRIBUTION OF APPARENT INTENSITY. 


233 


The whole periphery of the hilltop was broken into a series of concentric blocks or steps, 
and the out(‘r ones moved down the hill from 2 to 3 feet. The artificial stone work was 
badly cracked and dislodged. These phenomena indicatcid that the mat(‘rial used in grad- 
ing the upper slopes had settled somewhat, with consequent rupture of the surface and 
wrecking of the building. No other explanation can be urged for such striking damage; 
on this hill, in view of the .small damage producetl on other rock summits in the city. 

All the driveways in the western part of Golden Gate Park showed scattered narrow 
fissures. There were but few structures here, and they elid not show significant damage. 
These were low, strong, frame buildings. It is a district which was extensivcily graded in 
the work of landscape gardening, and is unclerlain by a deep sand deposit. It appears to 
have suffered a shock of intensity of the middle range of Grade B. 

PHKNOMENA OF KSPKCIAL INTEREST. 

Al)out the Perry Building, at the foot of Market Street, is a district of “made” land, 
shown on map No. 17, in which high inhmsity was manifi'sted. Here buildings of all 
sorts were crowded close together. Wooden buildings, 1 story to 3 stories high, with brick 
or stone work fronts, were interspersed among ordinary brick buildings from 2 to G or 8 
stori(‘s in height. Mingled with these was a considerable number of modem, class A, 
office buildings. Here the fin* burned fiercely and caus(‘d great havoc, heaping tin; street s 
an«l the cellars of buildings with fallen brick and stone ami twist(‘(l beams and girders. 
P'or weeks after the conflagration many of the streets were comi)letely hidden under the 
debris. So much of th(! damage due din'ctly to the shock was tlnTcby concealed or ol)- 
literated, that no adequate knowledge of tlu; direct effects of the earthfiuake could lx; 
obtaiiK'd in this i)art of the city; tho eye-witnesses tell of cornices and gables which fell, 
and of walls and roofs which coliai)sed at the time of the shock. After the fire had past, 
standing walls revealed ugly, sinuous cracks, in ruch'ly parallel systc'ins, w'hich w<*re not 
due to tin; nor to dynamit(!. Masonry blocks in the walls of ex(!('ll(*nt modern buildings 
were broken as by a blow. Rivets were sheannl off in parts of tin* framework of .st(H‘l 
stnictures, and t(*nsion rods in such frame's were badly stretchcfd. Tubular ca.st-iron 
columns, suj)iM)rting floor ginU'rs, wen; broken off near their bases in ce'llars where they 
rested ujwn piling. The concnite; ca.sing of piles was freeiuently broken. Wherever the 
intensity was high, the tendency to crack or crush new the base, as tho a sharp blow had 
been struck there, was notably consjacuous. In .spots the stn*(*ts sank bodily, certainly 
as much as 2 feet, probably mon;. Accompanying this d(;{)r(*s.sion, concr(*t(; basement 
floors were brok(*n and arched, as if to compensate for it. The surface of the ground was 
(U'formed into waves and small open fissures were formed, especially close to tin* wharves. 
Buildings on the water side, along East Street, generally slumixsl seaward, in some cases 
as much as 2 fi'et. The damage* was gre*ate'st close to the wate*r’s eelge, gre)wing le*ss as the 
se)lid lane! w’as api)roache*el, gradually at first, then me)n! raI)idl 3 ^ The*se phenomena 
se*e*m to sugge*st that the mate'rials used in filling were; shaken toge'ther se; as to occupy le'ss 
s))ace with the accompanying dcvele)pme;nt of waves, fissure's, anel stnictural elamage 
The me)re' re*cent the filling, the more it would be compacte;el ; hence the gre*ate:r prevalence 
and magnitude of destructive effc'cts near the water’s edge. 

As well as cemkl be made out from the; inaele*e]uate evielence l(;ft b>’ the fire, the; elistrie't 
whie'.h suffered intensity of Graele B is limiteel on the lanelwarel side; l)y a line; elrawn from 
P'ilbert Street to Market Stre;e;t, between Battery and P’ront Stree'ts; thence betwe;en 
First anel Fremont Streets to a little south of P'olsom Street, where the line turns and 
runs e;astwarel to the wharves. Flanking this elistrict on the landward side is a narrow, 
sinuous area limited by a line drawn from Filbert Street to Gr(‘(;n Street, just east of San- 
some Street; thence between Sansome and Montgomery Streets to Mark(;t Street; thence 
to the corner of Mission and First Streets; thence between P’irst and Fremont Streets 
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Fig 51 .-Map showing original high-water line of Eddy survey (dot and bar) and mean low-water line nr “ zero contour ” (full line) for district about foot of 

* * * S' O « • Cl,. •_ ■UUStO CilirVAV 


ISOSEISMALS: DISTRIBUTION OF APPARENT INTENSITY. 


235 


to a point south of Folsom Street; thence easterly nearly to the wharves. Between 
Washington and Sacramento Streets, this boundary is barely cast of Montgomery Street. 
Immediately west of these districts, low intensity prevailed. 

It is of interest to inquire whether all or only a portion of this district in which high 
intensity was developed is ''made*' land. In the map (fig. 51) is reproduccul a portion 
of the U. S. C. & G. S. chart, '^City of San Francisco and its Vicinity,'^ published in 1853 
from surveys made in 1851-1852. On it the dot-and-bar line represents the course of 
the '' original high-water line according to plot of Wm. M. Eddy’s survey dated 1852.” 
The zero contour ” which determines the configuration of the shore, except where wharves 
put out, is shown by a continuous line ; it is not expressly defined, but it is believed to 
represent mean low- water, as the soundings an^ measured from this level. It is needless 
to point out that this contour is drawn farther seaward than the original high-water line. 
The? portion thus delimited has an area of not less than 20 city blocks, partly or wholly 
occupied by buildings. Quite outside the "zero contour,” as shown on this map, are 
8 complete blocks and portions of others — an area of not less than 10 city blocks, partly 
or wholly built upon. If, them, confidemce may be placed in the location of the original 
high-water line of the Eddy survey of 1852, there were already in San Francisco 30 blocks 
of "made” land, occupied wholly or in part by buildings before the end of 1853, less than 
4 ye^ars after the sudden rush to California which followed the discovery of gold in 1849. 
The reviH(‘d chart of 1857 shows that very little additional land was made in this district 
in the succeeding four years. 

Without confli(iting evidence from other surveys, and no such evidence has been found, 
the high-wat(T line established by the Eddy survey can not be discreditcul. Still it is 
proper to state that these facts raise some doubts as to the accuracy of its delineation, and 
that the evidence developed by the earthquake docs not tend to dispel these doubts. 
The gradation in the effects produced by the shock, from great magnitude at the water- 
front to small at the former land margin, would suggest that at least the marginal dis- 
trict where only Grade C intensity was developed, tho outside the location of the original 
high-water line, might not be made land, altho it has undoubtedly IxHm somewhat ele- 
vated by grading. Very little stress can \y^^ laid on this suggestion, however, for these 
districts suffered very severely in the earthquake shock of ISOS ; but the materials used 
in filling were then, of course, shaken together, and in addition, the slow settling together 
from year to yc^ar has undoubtedly compacted the earlier made land much more than that 
recently "made.” Besides, the exhibition of damage depends upon the character of 
th(? structures in a given locality, as well as upon the ground, and it is to be noted that the 
buildings along Kearney, Montgomery, and Sansome Streets comprized a larger per- 
centage of excellent structures than the streets nearer the wharves. The problem is thus 
complex, and very likely unsolvable; but there remains the haunting suggestion that the 
"original high-water line” does not constitute the landward boundary of the "made” 
land, properly speaking. At any rate, it is very clear that that which was known to be 
"mafic” land suffered much more severely than that which was known to be natural 
alluvium. 

It is important to recognize that, despite the great intensity manifested near th(^ water- 
front, first-class modern buildings, such as the Ferry Building, built upon deep piling 
or grillage foundations, were not imperiled by injuries to their walls or framework. 
Some rivets were sheared off; some temsion rods were stretched; an occasional girder 
was dislodgtul, and cracks were formed here and there in the brick and stone walls. 
Large financial loss was unquestionably occasioned, but buildings of this type were not 
in serious danger of collapse nor of being toppled over, either during or after the shock. 
Nevertheless conservative engineers recognize that even these structures were weakened. 
They recognize, too, that future shocks may exert greater energy, and they are trying 
to devise buildings better able to resist the peculiar stresses of earthquake shocks. The 
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general public should share their interest, and uphold and enforce the provisions they 
deem it wise to make against future disasters. 

A good indication of the value of deep piling as a foundation structure was furnished 
by the conduits of the cable-car system on lower Market Street. On account of the 
constant tendency of the whole district to subside from year to year, as the filling material 
became more clo.sely compacted, these conduits were constructed upon piling to secure 
permanence of grade. On both sides of them the street sank in places as much as 2 feet, 
and the pavement was broken, fissured, and thrown into waves. These tracks did not 
escape entirely, but for several days, before street repairs were made, they constituted 
a narrow raised path along the center of the street. 

- Altho in this part of the city the fire did much to conceal the earthquake damage, a 
few little spots, especially along the water-front, whore water was available, escaped its 
devastation. A building on Spear Street near Folsom, occupied by the National Bolt 
Works, illustrates what must have occurred in the case of many small brick structures. 
Its side wall was thrown down and the entire structure lurched out of plumb. To be 
sure, this building was heavily loaded on its second floor; still it was not so badly dam- 
aged as many partly standing walls in near-by districts swept by fire. The earthquake 
cracks, being sinuous, and recurring with a rude parallelism, were easy to distinguish from 
cracks opened by heat, or by the stresses induced by the wrenching away of falling walls 
or by dynamite. Buildings erected upon good foundations withstood the ordeal wedl, 
even when the streets around them were deiprest and fissured. The Appraisers’ Build- 
ing furnishes a good illustration of this ; it is substantially built of brick upon a piling 
foundation, at the corner of Washington and Sansome Streets, and still stands without 
significant damage. The levels of its foundation walls were not disturbed. (S(!e fig. 53.) 

High intensity was developed thruout a small elongate district having a width of about 
two blocks, which extends from near the corner of Eighth and Mission Streets to th<i 
vicinity of Fourth and Brannan Streets; from this point the boundaries are irregular and 
very sinuous, leading to the water-front at about the crossings of Third Street with Berry 
and Channel Streets. A glance at the geological map. No. 17, shows that the regularly 
bounded portion of this district corresponds very closely with the area of a former tide- 
marsh, drained and flooded by one or two small tidal streams. The former shore line of 
Mission Bay was just north of Brannan Street, between Fourth and Fifth Str(;ets, so that 
the irregular seaward portion of the district lies outside the old shoni. 

This is one of two localities in the city, tlie other being a “made” land tract along 
the former course of Mission Creek, in which destructive effects of great magnitude were 
conspicuously develop(?d. Only in very clo.se proximity to the fault was greater violence 
manifested. For blocks the land surface, paved stre(!ts, and building plots alike, were 
thrown into wave forms, trending east and west about parallel to the length of the area. 
The amplitude and wave-length of these earth billows, and the distances to whi(di they 
extend, are indefinite and irregular. The fissuring and slumping, and the buckling of 
block and asphalt pavements into little anticlines and synclines (arches and hollows), 
accompanied by small open cracks in the earth, charaebirize the land .surface. This 
slumping movement or flow took {dace in the direction of the length of the area, and its 
amount was greatest near the center, or channel, where the street lines were shifted east- 
ward out of their former straight courses, by amounts varying from 3 to 6 feet. A 
satisfactory photograph of this phenomenon was not obtainable, owing to the quick 
convergence of parallel lines in perspective, but to the observer in the field it was .a very 
striking result of the shock. 

The greater part of the district was occupied by wooden dwellings and shops, with a 
small percentage of mediocre brick buildings and a few of sulwtantial construction. The 
fire swept the area clear. Not even heaps of debris remained to cover the ground, most 
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of the destructive effects being obliterated, along with the structures in which they were 
developed. Enough remained, however. Foundation walls and sidewalk pavements 
were broken and flexed ; sharp little anticlines were produced in the street by the arch- 
ing of block paving, as on Russ Street between Folsom and Howard Streets (plate 88c) ; 
granite curbing was broken and thrust up into an inverted V, as on Moss Street, between 
Folsom and Howard Streets (plate 88d) ; there were Assuring and slumping in the block 
pavement, as along Oolumbia Street between Folsom and Harrison Streets (plate 89a), 
and sharp flexures of the paved streets and car tracks, as on Sixth Street just south of 
Howard Street. These effects point simply and clearly to the great magnitude of the 
inUmsity thruout the greater part of this old swampy district. 

Attention has already been directed to the slumping or flow movement to the east 
along the long axis of the area. 

The heavily ballasted car-tracks on Bryant Stre(!t, at the crossing with Fourth Street, 
were sharply flexed laterally, tho bounded by block paving. (Plate 89b.) This was at 
the eastern end of the district where the marsh formerly Ixmt to the south around the 
flanks of Rincon Hill, a mass of firm sandstone rising from the floor of Mission Valley. 
No similar sharp flexures wore encountered along east-west streets in tlus western or cen- 
tral portion of the district, tho lateral displacement and flat, sinuous curvings of the stnu;! 
lines were common enough ; notably on Harrison Street between Fifth and Sixth Streets, 
and on Folsom Stnset between Fourth and Seventh Strecsts. Both these streets cut across 
the direction of the flow movement at a small angle. TImssc phenontena are easy to 
understand if, as seems certain, Rincon Hill scjrved as a solid buttress against which tlu; 
flow to the east was arnjstecl, causing sharj) crumpling of the surface near the buttress, 
with less disturbance farther away. This was combiu(;d with a slight tendemey to flow 
southward in the southeastern part of the distric-t. 

I’he shaking caused the materials used in filling to settle together and occupy less space, 
so that the surface! over the whole district Wius lowered by amounts varying froni a few 
inches to 3 feet or more. This is clearly seen in the change? of street lev(?ls along the 
margin of the solid ground, wlnire the car rails are l)ent dow’iiward in little monoclines. 
Occasionally a structure with a relativcily good foundation niinains at its former level, 
with the whole ncighlxu'hooel deprest alKiut it. Such a case is exemplified on Sixth Street, 
a little south of Howard Stnicst, near the margin of the area. (Plate S9c.) The flow 
movement is thought to lx? due simply to the action of gravity, the loose, water-soaked 
material being compacted into less volume by the shaking. Bi?sides this sinking of the 
district, and its flow movement, mention has been matlc of the deformation of its surface 
into irregular waves, trending approximately east and west parallel with tho length 
of the district. Along the stretits running approximately north and south, at right angles 
to tho elongation of tlie area, car rails were b(?nt abruptly to the side, or raistid in arches, 
and sharp anticlines wen; formed in the block pavennints. Large square concrete slal>s, 
used for sidewalk paving, were thrust one oyer tho other; and in one or two cases a slab 
entir(?ly covered an adjoining one. These phenomena indicate shortening by compres- 
sion in the north-south direction. On the other hand, however, a stretching of the sur- 
face is shown by flssiu’es in the paving; by places where wedg(i-like blocks were deprest 
below the general level ; and by tho rails of car tracks which w(!re pulled apart in amounts 
varying from 8 to 12 inches. Owing to the relatively great and very variable strindural 
strength of paved streets and heavily ballasted car traxiks, these phenom(?na are not 
developed regularly nor frequently enough to afford a satisfactory test of the hypothesis 
that they arc directly associated with the wave forms into which the surface of this dis- 
trict was thrown. Besides, owing perhaps to the varying rigidity of the materials which 
make up the surface of the streets and building plots, the wave forms themselves, tho 
generally prevalent, are not persistent in their extension. The compression and disten- 



238 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


sion effects, however, are believed to be due to the same cause as that which generated 
the wave forms ; for there is no evidence of any true shortening, or lengthening, of the 
north-south dimension of this district, nor is there any probability of this having occurred. 

In addition, then, to the flow movement and the settling together of the loose materials 
causing depression, there was some sort of rhythmic movement in this loose earth which 
produced wave forms in the surface, with places of compression and places of stretching. 
It probably was this movement which was most effective in producing structural damage. 
It is not telicved that these surface waves were traveling waves "frozen” as the shock 
subsided. If they had been of that character, the ground surface should be more broken 
than it appeared to be; for in relatively rigi<l materials such waves must develop open 
fissures along the crests, which would close with crushing in the troughs. It must be 
noted, without any attempt at explanation, that the destructive effects of great magni- 
tude which have been described above, are practically confined to the “made” land which 
occupies the old marsh site. 

Southeast of Brannan Street, where formerly lay Mission Bay, such effects are of less 
magnitude, in general; are less regular in their occurrence and arc, on the whole, less 
prevalent. The complete devastation caused by the fire in this neighborhood leaves 
little to indicate the actual damage to the buildings wrought by the earthquake. C«rtain 
hotels or apartment houses are known to have collapsed, and many fatalities must have 
occurred. Probably a few dwellings were thrown down. A fairly large percentage of 
the buildings, one must believe, were rendered dangerous for occupation, even tho not 
completely thrown down. 

The new United States Post-office building (plate 94b), at the conuir of Seventh and 
Mission Streets, was just on the margin of the district. It is a steel and granite struc- 
ture, resting upon a founilation of piling driven to a considerable depth, but not as far 
as some had considered advisable. At its southwest corner, the streets are deformed 
into great waves, some with an amplitude of at htast 3 feet, causing fissures and sharp 
compressional arches in the pavement and sidewalks. Some of the granite flanking 
structures, which did not rest ui)on the pile foundation of the building, shared this 
undulatory movement. In consetiuence, the building appears badly damaged to the 
casual observer. It is quite true that the structure was terribly shaken and greatly 
damaged — such injuries as the destruction of mosaics in the arches of the corridor 
helped to increase the loss — but the structure was not in peril of collapse, tho one of 
the low walls had to be supported by timbers. For the most part, the building survived 
the ordeal, and is in a safe condition for use. 

As stated briefly above, a similar district of high intensity occurs in an anta of made 
land along the lower portion of the former course of Mission Creek. This district varies in 
width from 1 to 2 blocks, extending from near the comer of Ninth and Brannan Streets 
westward for about 3 blocks, then southwestward for about 2 blocks more ; and finally, 
westward some 4 blocks more to a point on Nineteenth Street just east of Dolores Street. 

Mission Creek was formerly a sinuous tidal stream, with narrow fring(;s of salt marsh 
about its banks. Near its mouth the stream wound around a rocky point where the 
serpentine hills of the Potrero rose abruptly from its southern bank. Here, along its 
margin, is found the most sudden transition from high to low intensity that is anywhere 
encountered in the city. Along Dore Street, a narrow alley running from Bryant Street 
to Brannan Street, between Ninth and Tenth Streets, the street pavement was broken 
into a scries of waves. The photographs, plate 89d, looking along Dore Street from 
Bryant toward Brannan Street; plate 90a, looking from Brannan Street in the reverse! 
direction ; and plate 90b, showing in detail the trough of oiu! of these waves, with the 
fissuring of the pavement near the farther crest, indicate mom clearly than words the 
great intensity manifested here!. Less than 2 blocks south on the hill slopes, more than 
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50 per cent of the chiinucys were left standing, and no serious structural damage was 
noted. No comment seems needed to establish clearly the fact that the change in the 
character of the ground, this being the only variable factor, is in some way the cause of 
the change in the degree of intensity. 

On Ninth Street, east of Dore Street, between Bryant and Brannan Streets, the block 
pavement was badly damaged by Assuring, slumping, and the fonnation of surface 
waves. Frame dwellings were thrown from their underpinning, and a few collapsed. 
Plate 91a shows a wave trough near Bryant Street, with the resulting disturbance of the 
pavement. The dwellings immediately in the trough have dropt from their founda- 
tion posts. In plate 91b, looking along Ninth Street from near Brannan Street, is shown 
the depression and Assuring of the street and its slumping or Aow westward toward the 
former channel of a short branch of Mission Creek, which occupied the present location 
of Dore Street. Streets, curbing, car tracks, etc., are deAeeted from 0 to 8 feet from 
their former positioas. The frame dwellings were not destroyed, but a careful examinar 
tion of the picture will show that most of them are badly injured. Many were left in 
a dangerous condition by the shock. 

On Tenth Street, between Bryant and Brannan Streets, less violence was noted and 
the slumping of flow eastward (toward the channel of the little branch of Mission Creek) 
is scarccily noticeabh;. 

Again, along the creek ImhI fr(;m I\)l.“om Stre('t, betwcien Seventeenth and Eighteenth 
Streets, to the vicinity of Valeiuda Street at Eightwuith, great destruction was con- 
spicuou.sly prevalent. Less than a third of the frame dwellings in this tract retained 
their vertical jiositions, and a few collapsed completely. Others remained standing 
only by leaning against (iach other. The south side of Howard Street, between Seven- 
tc'cnth and Eighlticnth Streets, which escai)ed the Are, furnishes a good illustration of 
the damage i)roduccd here. (See plate 93a.) As in other places, the streets were de- 
prest. Assured, and thrown into waves. (Plate 9()c.) Car rails were arched and bent 
laterally in a viok'nt fashion. (Plate 92b.) 

Sewers and wat(^r-mains were brok»m. At Eightcienth and Vahmeia Streets thcire 
wa.s a serious break in the water-pipe. Hesre, on lx)th sides of the street, the ground 
sank alx)ut 0 feet, causing the roadway to arch in a very notic(*able way, (Plate 93b.) 
Ten-inch car rails w(!r(! bowed up into arches from 24 to 30 inches in height. The Va- 
lencia Street Hoti‘1 eollapse<l so that occupants of the fourth story could slop out into 
th(! street. Casualties in this district can nevc^r be known accurately, owing to the 
immediate onset of the Are, and the complete devastation it produced. 

On land made by Ailing in, “The Willows,” a marshy tract formerly extending up the 
Eighteenth Street Valley from Mission Lagoon, near the comer of Nineteenth and Guer- 
rero Streets, there was observ(xl a considerable slumping or Aow mov«>ment of the surface.. 
The photograph (plate 94a) shows the Youth’s Directory, a charital)lc institution for 
boys, where the street and building wore moved northward and slightly eastward, toward 
the former channel and downstream, fully 0 feet. 

Enough evidence has been cited to demonstrate that high intensity prevailed thru- 
out this district. Here, as in Ihe other tract of made land which occupies the site of 
the old tidal marsh, the malitrials used for Ailing were shaken together, and caused a 
general depn^ssion of the surface over the whole district, accompanied by slumping or 
Aow moveinenls. The surface was defonned into waves, with accompanying As-sures 
and sharp compressional arches. Here too, as in the tract previously descrilxid, the 
materials used for Ailing constitute a relatively thin rigid layer deposited upon the 
marshy fringes or in the shallow waters of the criHik. 

The <!reek (see map No. 17) fornuiriy exbuuhHl for about 2 blocks eastward from Ninth 
and Brannan Streets before it reached the old shore line of Mission Bay. This portion 
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of its course is now occupied in large part by the railway tracks and structures of the 
Southern Pacific Company; and the exceptionally strong foundation necessarily pro- 
vided for the railway line probably explains why less damage was found here than one 
would at first have expected. At any rate, the greatest damage noted was the cracking 
of brick walls and the falling of cornices. 

The space formerly occupied by Mission Bay has been partly filled to provide building 
sites, and of course the materials used in fiUing were deposited in water. The distiict 
is occupied in part by structures of great strength, such as railway tracks; in part it 
is devoid of buildings. Thruout the district, evidence was insufficient and inconclu- 
sive. Except near the former outlet of Mission Creek, and in the area further north 
formerly occupied by the tidal marsh, the destruction produced docs not denote inten- 
sity higher than Grade C. Apparently, therefore, land made by filling up spaces of open 
water is less dangerous, on the whole, than land made by depositing a thin rigid layer 
of filling upon a tract of marsh land. This, at least, is the lesson in San Francisco. The 
reasons for it are not very clear. Space forbids a discussion of theories which can not 
be adequately tested. It may be noted, however, that much of the material used in 
filling in areas of water has been broken rock derived from the grading down of neigh- 
boring rocky hills. 

Near the corner of Waller and Portola Streets, not far north of the head of Market 
Street, is a locality, less than a block in extent, where houses were shifted slightly on 
their foundations; their upper stories were moved farther eastward (downhill) than the 
foundations, as a result of shearing in the framework of the basement or of the first story 
of the buildings. (Plate 90 d.) There also occurred minor bucklings and breaking of 
the thin asphalt pavement. The intensity, which belongs low in the range of Grade B, 
diminishes rapidly in all directions, and the district is surrounded by a band where the 
intensity is Grade C. Here a thin layer of sand reposes upon the slopes of a little upland 
valley between the low serpentine hills to the east and the high chert hills to the west. 
The effects are such as would be produced by a shaking downhill of this thin sand layer, 
with the structures which rest upon it. This seems the best explanation of high inten- 
sity in this district. Attention, nevertheless, must be directed to the fact that this, 
and three other districts shown on the map. No. 19, lie roughly along a straight line 
which nearly coincides with the western boundary of the serpentine body. At its north- 
west end, this boundary is known to be determined by a fault of considerable throw, 
constituting consequently a weak place in the crust of the earth here. It is not known 
how far southeast the fault extends, and it is not unlikely that it cuts entirely across the 
peninsula. The recurrence of these little districts of comparatively high intensity sug- 
gests that it continues as far south as Market Street, at least, and that such a zone of 
weakness was especially suited to the production of high intensity by the shock. This 
hypothesis can not be conclusively tested, but it is interesting and important enough 
to merit presentation and to receive attention in the event of future earthquakes. 

In support of the statement made in the foregoing pages that the intensity increases 
markedly as one approaches the fault, independently of the character of the ground 
and other factors, the following evidence is presented: 

Forty-eighth Avenue, between K and N Streets, is a district underlain by deep sand 
where extensive grading operations were undoubtedly necessary to convert an area of 
sand-dunes into streets and building lots. Here small, substantial frame dwellings were 
shifted bodily from 1 to 2 feet out of position, and the streets were slightly dislocated. 
Telegraph poles were thrown down or caused to lean over so much that only the tension 
of the wires kept them from falling completely, and lamp p>osts were overthrown. The 
dwellings suffered little structural damage, owing to their small, substantial character, 
and to their being built close to the ground; so that when shifted from their underpin- 
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B. Yftlenoia Btreeti ne'u Eighteenth. Land in thle neighborhood aank about 6 feet, flexing etreet enrfaoe. A. 0. L. 
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A. View along Kineteenth Street, from Onerrero Street. Both ground and bnlldlngi mored north about 6 feet toward center 
of old marsh, with oomponent of moToment down the channel. A. 0. L. 



B. San Franoiioo Post-office, Mission and Seuenth Streets. Hear corner of building is on edge of old marsh. Ground 
oter marsh sank and Iniohed. W. £. Worden, Photo. 
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ning, they had but a few inches to fall. Still, it is the opinion of the writer that the in- 
tensity developed here was little, if any, short of the maximum on the made laud in the 
city, tho the conditions were not such as to permit so great damage. 

On Ocean Avenue and X Street, near where the former outlet of Lake Merced flowed, 
fissures were developed in the -street and in the sands on cither side, and water was 
squeezed out so as partly to flood the roadway. Drain pipes were unearthed and bent 
or twisted. 

From the former outlet of Lake Merced, where W Street meets the Grand Ocean 
Boulevard, or Great Highway, southward along the ocean, low cliffs of soft rock — the 
Merced sandstones and shales — rise abruptly from the beach. These mount gradually 
as we go southward, until at Massel Rock they attain a height of 500 feet. All along 
this line of cliffs, and for a short undetermined distance inland, the rock masses were 
cracked, broken, and traversed by narrow fissures. These effects grow more and more 
numerous and of greater and greater magnitude until, a short distance north of Mussel 
Rock, the fault is reached. A short distance south of X Street, a small, substantial 
frame dwelling, built upon a good foundation under the cliffs by the beach, was almost 
overturned. South of this there were no structures along the beach except tlu! seaward 
end of the Lake Merced Tunnel, an hydraulic arch which was slightly broken, tho em- 
bedded in th<! rocks of the Merced formation. All along the faces of the.se cliffs, much 
material fell or slid down to the beach. 

CONCLUSIONS. 

This investigation has clearly demonstrated that the amount of damage produced 
by the carth(juake of April 18 in different parts of the city and county of San Francisco 
depended chiefly upon the geological charaebir of the ground. Whcin* the surface; was 
of solid r()(;k, the shock produced little; elamage;; whe;rcas ui)e)n maele land gre;at violence 
was manifcste-el. Other things lM;ing e;eiual, the;re was a ete*cre‘ase e)f intensity from the 
southwe;st toward the northe;aat, as the elistance fre)m the zone; of faulting increased. 
Other cemditions, howeve;r, e;xe‘rte;d a contredling influence. There was, for instance, 
much greater contrast, in the; de;struetive effects proeluced, between the* summit of Te;le;- 
graph Hill anel the vicinity of the Ferry Building, abe)ut a cjuarter of a mile; ai)art anel 
at practically the same elistance from the fault, than there was lM;twe;cn the elamage 
proelue;e;el near the Ferry Building anel along the; trace; of the; fault itse*lf. (Ce)nsult the 
intensity map and i)rofile;s.) In this part of the ze)ne e)f destruction, change in elistance 
from the fault clearly eliel ne)t influene;e the graelatiem in intensity, .so much as did change 
in the character of the grounel. 


ADDENDA. 

Suhnidence of made land . — The unstable character of the made land on the wate*r- 
front of San Francisco has loiig l)ee;n known. This instability maele; itse'lf manife*st in 
a progressive subsidence which, in the course of years, renelered it ejuite* elifficult. te; main- 
tain the graele of the 8tree;ts. An effort was maele by Mr. C. E. Grunsky, when he was 
city engineer, to dete*rmine; the rate of this subsielence, and the following extract from 
his repe)rt as city enginee*r for the year 1902 -3 is not without interest in connection with 
tho viole;nt elisturbance of the grounel cau.scel by the earthquake in the; are'as of maele 
land: 

Examination has again been made to determine the amount of sinking in those 
improved portions of the city where subsidence has heretofore been oKserved. The re.sult 
of this examination appears from the following table, in which is also given the subside*nce 
which occurred during the preceding year. 
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Stroot. 

From — 

To- - 

1. Davis. . . . 

Market. . . . 

Fast . . . . 

2. Jaiiksoi) . . 

Montgomery 

East . . . . 

a. Spear .... 

Market . . . 

Bryant . . 

1. Mi.ssion . . . 

First 

East . . . . 

.5. Harrison («) 

Fourth . . . 

Seventh . . 

6. Sixth .... 

Howard . . 

Channel . . 
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April, to April, 1902. 

April, 1002, to April, 1903. 
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Mean. 
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.02 

.17 

.15 
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.05 
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. 08 * 
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(a) Locjition of maximum isubsidenco on Harrison Street betwec*n Fourth and Se»venth is tlu* same 
for both years. 

* Mean subsidc;nec from Brannan southerly. § Mean subsidence from Hrannan to Howard. 

1. No appreciable subsidence (Apr. 1902-Apr. 1903) except at Vallejo Street, where 
maximum occurs. 

2. No appreciable subsidence (Apr. 1902 Apr. 1903) except at Drumm and East 
Streets, where maximum occurs. 

3. No appre(dable subsideue(i (Apr. 1902-Apr. 1903) except at Mission Street, where 
maximum occurs. 

4. Subsidence (Apr. 1902-Apr. 1903) occurs from Main easterly,' maximum at East 
Street. 

5. Subsidence (Apr. 1902-Ai)r. 1903) occurs from a point tetween Fourth and Fifth 
Streets, as far west as Sixth Street. 

0. Maximum (Apr. 1902-Apr. 1903) at Folsom Street. 

Possible premonilory movements (Miss 11. 0. Lillis). — Mr. McCt)nn((ll, a jeweler, located 
on Post Str(!et between Montgomery and K(*arney Stn^ets, states that 4 days Ixifore the 
earth(}uake he found one of his windows broken in nearly 60 pieces tho none of the 
pieces had fallen out ; and su[)po8ing that some one had tried to enter his shoi>, he sent 
for a detective. Captain Calundiui came, and on looking over the premises declared that 
it was not the work of a burglar but was due to the s(dtling of the buildiitg. He found 
the building out of plumb. This would indicate a settling of the ground before the 
shock. One of his workmen who lived in the Mission foumi his c(dlar door closed so 
that difficulty was experienced in opening it. This occurred the saiiu; day as that on 
which the glass was broken. 

Effect of the shock near the beach (W. 1). Valentine). — We were residing on Forty- 
eighth Avenue, Ixd ween K and L Stniets, within a few hundred feet of the ocean, alxnit 
0.5 mile south of the; park. Tn our section the shock was violent. It awakeneil me 
instantly, and for a few seconds I was unable to rise, as 1 was thrown back in the effort. 
Meanwhile I was carefully watching the movements of an extremely tall and heavy 
oaken wardrolxs which stofxl almost in the middl(^ of the floor. Th(r top first swung 
to th<i west, then to the north, then to the east, and fell directly to the south with such 
force that it went to pieces. Our heavy upright piano and various h(!*vy artickts of 
furniture were thrown completely over. The sand in our basement raised from 1 foot 
to 18 inches. A wide and long 3-foot depression was raised lev<!l. Our lot, which was 
120 feet de<5p, was shortened at least a foot, which was shown by the folding of the- fence. 
Electric-light poles in the street in front of us, which were in the sand, were thrown 
down north, cast, south, and west. There was a fissure for about a block, between 
Forty-seventh and Forty-eighth Av(mues, about 3 feet wide and 0 or 8 inches deep, 
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which was of course in the sand. There were also other blow-holes in the sand, which 
emitted water and sulfurous odors. 

Effect of the shock on the gas plant and pipes (E. C. Jones). — The earthquake movement 
was apparently from north to south, inferred from the fact that bookcases and china 
closets placed east and west wciro almost invariably tipt over, or their contents thrown 
out; while those placed north and south were in most cases undisturbed. (las-mains 
in streets running east and we.st were broken and drawn apart, while those in streets 
running north and south were crusht together and telescoped, or else raised out of the 
ground in inverted V’s. This rule; applied generally, with but few exceptions. 

On Jackson Street, between Drumm and Davis Streets, which is made land, the street 
main was laid on a line of piles which went to hard pan. The piles were not purposedy 
driven to sustain the pip<!, but happened to be in the lino of tlut main when it was laid. 
This pipe broke over the center of each pile, 9 in number, and was not broken in the 
made ground where it was unsupported. 

During the latter part of the first shock, there was a rotating motion which had the 
effect of twisting gas-holders out of their guide frames. 

The foreman of the North Beach Station was looking at the 2,()0(),0()0-foot storage 
holder, and described it as follows: 

On going to the window, I lookt at the storage holder, which was vil)rating like an in- 
verted ijcnduluni, and waves of water were coming over the wall of the tank. The relief 
holder was similarly affected with water and tar coming over the tank wall. The shrul)l)ery 
in the garden was shaken as tho by a strong wind. 

These two hohUirs were Imavily framed with latticed girders, and did not leave their 
guides by tlu! rotating movement of the earthquake. 

The storage holder at the Pacific Oas improvenuint Comi>any's Works was twisted 
an)und 2 f(!et from the guide rails, while at Martin Station the 1 ,r)00,t)00-foot storage 
holder was twistcid 5 fe(!t on the lower section, 8 fcict on the middle .section, and 12 feed 
on the upper section. At this plant the 4,000, OOO-foot gemerator was moved bodily 
21) inches to the south. All connections were of steel, and no joints were broken. 

A barn at the North Beach Station, comer of Laguna and Bay Streets, was resting 
upon woodtm uprights about 10 incluis high. The.so uprights were tipt over, and the 
barn movcid the length of the uprights toward the south ; that is, after tho earth(|uake it 
stood 10 inches on the sidewalk. 

The buildings at the different ])lants tlid not suffer according to their ndative strength. 
Sonu! brick buildings of comparatively poor construction were unharmed. Other build- 
ings of great strength, with heavy footings on good foundatioas, were shaken to the 
ground, particularly those running (iast and west; while buildings of the same or less 
strength, with foundations net so good,, but running in a direction north and south, were 
but little injured. 

Effect on certain street raibmys (T. Mallally). — Then; does not seem to have been any 
actual shortfining of the length of the street railways of the United Railroa«ls of San 
Francisco; but the rails in one location traveled about 3 feet in a northerly direction. 
This location was in the valley and was marsh land, beginning at a point, about 100 yards 
north of Holy Cross Genuitcry, where the rails parted, and ending about 1 ,000 yards north 
of Holy Cross, where the rails buckled up in the air. We ha«l to cut out about 3 feet at 
this point, and add 3 feet where it parted at the other end. Of coursfi there was a decided 
movement of the rails all along, in a lateral direction, which left the tracks out of aline- 
ment, but was not enough to prevent operation of cars. 

This condition would indicate that the fill in the marsh land moved in a northerly 
direction about 3 feet, but that the actual distance along our line has not been appre- 
ciably changed. 
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Deformaiwn of the U. S. Government buildings. — For the piirposc of determining the 
extent of the deformation of the three U. S. Government buildings — the new Post-office, 
the Appraisers’ Building, and the Mint — the Coast and Geodetic Survey, at the request 
of the Commission, determined on July 12, 1906, the relative levels of the four comers of 
each of these structures, as indicated in the accompanying notes and figures. The level- 
ing was done by Mr. C. H. Sinclair. The memorandum of Mr. Sinclair’s results, which 
was placed at the disposal of the Commission by the Superintendent of the Coast and 
Geodetic Survey, is as follows: 

New Post-office. — Fig. 52 shows by numbers the positions of the stations occupied; 
and the points at the corners, the relative levels of which were determined, are indicated 
by their orientation. 

The southwest corner is the lowest and is the only one that settled materially, being 
about 0.393 foot = 4.72 inches lower. 'Tlic outer walls have cracks in many places. 
This is a fairly good showing for a bad foundation. 

Sights nearly equal except at II, where backsight is about 100 feet and foresight is 
about 300 fe(!t. Street so low that readings could not bt! made any other way. Cars 
and drays passing all the time. Wind bad. Rod held on circular molding (tower, 
J circle section) which was the lowest projection built into the wall that was common 
to the four extreme corners. 



Fig. 52. — Map showing; relative levels of four corners of 
new Fost-ofliec, San Francisco. 


Level at — 

Corner. 

Feet. 

Difference. 

I 

NE. 

SE. 

2.7G3 

2.739 

0.024 

11 

SE. 

SW. 

0.367 

0.776 

0.409 

III 

sw. 

NW. 

1.984 

1.584 

0.400 

IV 

NW. 

NE. 

3.426 

3.426 

0.000 


A pjrraisers' Building. — Fig. 53 shows by numbers the position of the stations occu- 
pied ; and the points at the corners are indicated, as before, by their orientation. 

The northwest corner is 0.909 foot = 10.908 inches above the southwest corner. The 
northeast comer is 0.909 foot 4- 0.054 = 0.963 foot = 11 .556 inches above the south- 
west corner. I'he southeast corner is 0.080 foot = 0.96 inch above the southwest corner. 
The rod was hcsld on top of water-table at each of the four comers, and the sights were 
nearly e(iual in length. The south side of the building is about 11.23 inches lower than 
the north side. 
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Fia. nn. — Map ahowini; rplativp IcvoIr of four cornere of 
Appraiseni' Bnilding, San Francisco. 


Mini. — Fig. 54 shows by nuiiilx'r, as in tho former ca.ses, the positions of the stations 
occupied and the points at the comers arc indicated by their orientation. 

The southwest corner is the lowest, Ix'ing 0.49S foot = 5.97() inches (mean) Ixdow the 
northwest comer. The walls on the north side arc badly sealed by the heat. No serious 
cracks were noticed in the outside. The rod was held on top of the water-table; at each 
extreme comer of the building. Street cars constantly passing on Iwth Mi.ssion and Fifth 
Streets, also heavy drays. The wind wa.s very troublesome. Sights were nearly equal. 

The deformation indicated by the above measurements can not be wholly referred to 
the eartluiuake, since it is quite probable that the structures had settled somewhat lx;fore 
that (;vent. It app(;ars, however, to be desirable to put the measurements on record for 
futun* reference. 
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THE SAN FRANCISCO PENINSULA. 

By Hodrric Chandali.. 

The distribution of intensity in the San Francisco Peninsula, south of the city, was 
studied by Mr. Roderic Crandall, under the direction of Prof. J. C. Branner. The follow- 
ing is Mr. Crandall’s report on that territory : 

For a consideration of the detailed eflfccts of the earthquake thru the area of the San 
Francisco Peninsula, it will be convenient to divide the country into two portions along 
the San Andreas fault, and to subdivide the ansa northeast of that line into two parts; 
namely, the San Mateo district, and the Merced Valley. 

THE SAN MATEO DISTRICT. 

Th(! towns of San Carlos, Belmont, San Ma<.(«), Burlingame, Millbrae, and San Bruno 
are includ(;d in the San Mateo district. These towns all lie along the railroad Ixitween 
San Jose aiid San Francisco, and arc in almost a straight liiu^ ; that is, parallel to and at 
a distance of from 2 to 4 miles from the San Andreas fault. Th(^y are all situated about 
the same geologically, lieing upon the Santa Clara Valley floor just at the east edge of the 
foot-hills of the Santa Cruz range. 

San Carlos. — The railway station at San Carlos, a low 1 -story stone building, was 
badly damaged, some of the walls lK*ing partly thrown down, and the rest of the building 
cracked. A large frame house near the; station was shaken from its cement foundations, 
and the foundation itself was badly crackwl. 

Belmont. — Between San Carlos and Belmont, over four-fifths of the houses lost their 
chimneys, but no buildings were thrown from their foundations. At Belmont a majority 
of the chimneys fell. Reid’s school and other buildings in the neighborhiMxl of Belmont 
sustained similar damages. Reid’s school is one mile nearer the fault-zone than Belmont, 
among the low foot-hills. Thru the hills west of Belmont no cracks nor big landslides 
were found, but there weje small landslides along the road ktading from Belmont to 
(Vystal Springs bake. A tall stand-jiipe on the hill .southwi'sf. of Bt'lrnont was unaffected, 
but it is a well-built structure, guyed with wire cables, and might sway without falling. 
Near Homestead, in the foot-hills between Belmont and San Mateo, the brick building 
of the Crocker Oriihanagc was completely ruined. 

San Mateo. — San Mateo showed the intensity of the earthquake plainly.* Almost all 
brick and (iement buildings were damaged and sev(*ral were compkitedy ruined. (See 
plates 98a, b, and 99a, b.) Many wooden structures suffered by being thrown from their 
foundations, while others witre shifted without material damage. Nearly evi'ry brick 
chimney in (.own was shaken down, with consecjuenl. damagi' to the houses. 

At San Mateo Point, which is on the shore of San Francisiio Bay, east of the town, 
low fraiiK! buildings wen; uninjured. Tanks .'i feet deeji and 4 feet wide, which witi; half 
full of wal(T, were almost emptii’d by the sh(M*k, the water spilling to the .southw(*st. 
The alluvial flats around the point showed somt; small cracks, and there was a slight 
sinking of the ground n(*ar the bay. 

According to the man at the boat-house at. San Mati^o Point, the waters of the bay 
were (luieted by the shock. Another man, who was in a boat at th(! time, felt the sluxtk 
but not very strongly. SeviTal fairly heavy shocks about 6 o’clock that morning were 
not felt at all by mim on thi; waters of the bay. At a lumber yard, almut half a mik; 
west of the point, part of the wharf was broken, lumber piles were overturned, anil a 
chimney fell. 

* &“(> Robert Andersoii’.s paper on San Mateo and Burlingame in a later part of this report for statistical 
details. 
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Burlingame. — Along the line of the (jlectric railway from San Mateo northward, many 
of the poles were left out of a vertical position, most of them leaning toward the north- 
east. At the Brewer School, in the foot-hills, al)out due west of San Mateo, little; damage 
was done. A tall, well-built tank-house remained standing, tho the roof built ovc'r it, 
a slight, flimsy structure, was turned thru an angle of approximately 30°, but remained 
on top. 

Tho there w(;r(; no large brick buildings, many of the houses in the vicinity of Burlin- 
game were badly wrecked, due to the falling of extra heavy chimneys thru the roofs. 
Brick walls generally fell, unless low and especially well built. 

Millhrae. — At Millbrae there are but f(;w Imildings that could be affected by the .shock, 
but the brick power-house of the San Mateo electric line; was partly wrecked. The north 
and south walls f(;ll, while the east and west ones remained standing. Th(; latt(;r stood 
b(;cause they w(;r(; held by the st(;(;l trusses which spanned east and w(;st. 

In the vicinity of Millbrae and San Bruno, it was found that s(;veral of the small creeks 
were well filled with debris of various kinds that had IxMm brought down by an unusual 
flow of water following the; shock, and several days after the earthquake the streams 
were still carrying a small amount of water. 

Ban Bruno. — N(;ar San Bruno, whore the county road crosses a small str(;ani, there 
W(;r(; numerous cracks in the ground from 3 to 10 inches wide, paralhd to tlu* line of the 
road, which is N. 25° W. The road at this plac(‘ was built 8 f(;et above th(; mud flats, 
so that these; cracks are accountcMl for by the; s(;ttling of the fill. There arc not many 
houses in the vicinity of San Bruno Station l)y which to judge of the intensity, but in the 
f(;w houses seen tlie chimneys had all fallen. The race-track buiklings at Tanforan, north 
of San Bruno, wen; not materially damaged, altho the; buildings and bleachers are flimsy 
wood(;n structur(;s. Plate 97c illustrates the effect of the shock upon the track of the 
electric railway on the marsh w(;st of San Bruno. 

THE MERCED VALLEY DISTRICT. 

Th(' McTced Valley district includes not only the valley proi)er, but also the area cover(;d 
by the* main body of the Merced sediments, from the; San Andreas fault-line, (;ast by 
Bad<;n to South San Francisco and along the southw(»st fa(*e of the San Bruno Mountain, 
and by the c(;met(;ries to the Lib; Saving Station on the coast north of Lak(; Merccnl. 

Baden. — Bad(‘n, at the south (‘iid of the McTced Valley, consists of only a f(‘W houses, 
none of which shows markc'd efT(»cts of the earth(j[uake. The track of the electric tram- 
way line, just south of Baden, shows evidcTicc* of intense disturbance. (See Plate 97d.) 
The roadbed which w^as built uj) nearly all tlu* way here w^as cracki*d parallel to the rails. 
One crack vari(»d from 2 inches to a foot in width, and (*xt(*nd(Hl about 1,000 feet along 
the filled-in roadb(‘d. For this distaiuM* tlie double tracks wen* twisted back and forth 
in a zig-zag fashion, and up and down to some extiMit. Oiu; rail w\as b(*nt 2 f(M*t hori- 
zontally and 10 inches v('rtically. Not a single rail in this 1,000 f('(*t nmiaiiK'd straight 
or in place, but in no case were the rails <letached from tin* ties. Most of the pok's sup- 
porting th(* ek*(*tric w'ir(*s w^(Te throw^n out. of line. The ties w’(Te shov(;d back and forth 
and from side to sid(*, leaving ch*an, ban; places wdiere they had slid about. 

The tracks of tlu* Southern Pacific Kaihvay line, wdiich an* paralk*! to the eh'ctric road 
in the vicinity of Ba(k‘n Station, w^(*re slightly disturbed but not so badly that trains could 
not run over them. Tin; Southern Pacific roadb(*d is much bett(*r balkist(*(I than the 
electric line, b(*caus(' it is okk*r and hjis b(*c.ome mon* firmly packed, which is the reason 
that it w'as not. disturb(*d like that of tin; (;lectric line*. This disturbed portion of the' 
electric liiu; continiu's about 200 f(;(*t north of a road by the Ba(k;n Station, until a cut 
is reached where filling up w^as no longer necessary. Tlu* cracks w’ere thus confincHl to 
the filled ground. 



248 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


Just east of the station at Baden, where a creek crosses the county road, there were 
cracks in the filled soil, and there was also evidence that in this low ground the creek 
had flooded a distance of 100 feet on both sides of its usual course. At the time of the 
first visit, about 3 days after the shock, there was more water in the creek than there had 
been the previous week. At this same place, a steel water-main, supported on trestle- 
work, was wrenched so that it leaked badly. 

At Big Prawley Canyon a trestle carrying a 30-inch water-main was demolished. (See 
plate 100a.) 

The electric-car line that runs to South San Francisco turns a right angle at Baden, 
from northwest to northeast. The rails northwest and those northeast of the turn were 
both badly bent. On the northeast branch the rails were Ixjnt into a U-shape, the base 
of the U being to the northwest with a side thrust of about 2.5 feet. The rails on the 
northwest end of the line were bent into a V, with the base of the V pointing northeast, 
the lateral displacement being about 1.5 feet. These arc about 60-lb. rails, and at the 
V-shaped bend mentioned the rails were broken in three places. 

Sovih San Francisco. — 1.5 miles east of Baden, at South San Francisco, the intensity 
was considerably lower than at tlu; previously mentioned places. Many chimneys fell, 
but no badly wnniked houses were s(!en. At this placi; the corner fell from a new brick 
building, under process of construction, and some of the other large brick buildings were 
slightly cracked. The damage at South San Francisco was not large, taken as a whole. 
(Sec plate 97b.) 

A little more than a mile east of the town, there are several tall brick stacks, none of 
which fell. Some were entirely uninjured and others slightly cracked, but only one, so 
far as known, was badly enough damaged to require rebuilding. The brick structures and 
stacks at the packing house did not suffer materially. 

Some of these buildings are almost on the San Bruno fault-line, and none of them are 
far from it, so that if there had been any movement along that line, these would certainly 
have suffered more. 

South San Francisco and the meat pack(!rs’ establishments are on a different geological 
foundation from the towns previously mentioned. These places rest almost directly 
upon the old Franciscan rocks, with only a thin layer of sand on top of them in places. 
This makes a much firmer foundation than is found at the other places, which arc situated 
upon a considerable tliickness of sand or gravel. 

The buckling of the tracks of the South San Francisco car line between the town and 
San Bnmo Point, where the chimneys mentioned arc located, is significant of the contrast 
in the intensity of the shock at the two places. The rails are bent and broken in a num- 
ber of places, where the track crosses the marsh between the two places. The differ- 
ence of intensity is striking when it is taken into consideration how close they are 
together. 

From South San Francisco to San Bruno, there is a line of big steel water-mains, sup- 
ported on a trestle frame, where it crosses the marsh. This line did not break, but was 
bent and twisted into S-shaped figures. 

North of San Bruno Point, at the* Southern Pacific tunnel along the bay shore cut-off, 
no damage was done, except for the sliding and settling of the debris in the newly filled 
area. 

The cemeteries. — The San Bruno fault-line was followed all the way from South San 
Francisco to the cemeteries. There was absolutely nothing to indicate any movement 
along that line at the time of the earthquake. 

The cemeteries between Baden and Colma suffered very severely from the shock. 
It was estimated that in Holy Cross Cemetery (plate 96b) over 75 per cent of all the monu- 
ments were either thrown down or twisted on their bases. Plate 97a shows a typical 



I80SEISMALS: DISTRIBUTION OF APPARENT INTENSITY. 


249 


case of a monument overthrown. In a few cases monuments were snapt off. In one 
instance a single piece about 3 inches thick was broken off by the shock. The upper 
part of the slab is in two pieces, tho the second break may have been made when the 
slab fell. The stone chapels at several cemeteries were badly shaken and partially wrecked. 

There is one monument in Holy Cross Cemetery that was composed of several pieces, 
the top piece being the figure of an angel. Underneath this angel was a small thin piece 
of stone beveled to meet the base of the figure, and below that was a block of about 20 
inches square and 12 inches thick. It was observed that the washer and the square block 
were inverted in their positions. It is stated that this displacement and inversion of these 
blocks was effected by the earthquake. If so, there must have been enough upward 
motion to throw this block and washer high enough to turn completely over. 

There was no consistency apparent in the direction in which monuments fell; they 
setem to have fallen in every direction. 

The other cemeteries all suffered about the same, but the percentage of fallen monu- 
ments was not nearly so high in the others as it was in the Holy Cross Cemetery. The 
reason for this difference in the number of monuments overthrown is not apparent ; the 
soil of all these cemeteries is practically the same. A possible reason is that the differ- 
ence in effects is due to a difference in the depth of the sand upon the underlying rock 
floor, and that there was a greater depth of sand underneath the Holy Cross Cemetery. 
There is no proof of this, however. 

Plate 95a and b illustrates the wreck of buildings at the Woodlawn and Hills of 
Eternity Cemeteries. 

On top of the gate posts at Holy Cross, there were two large ornamental stone balls. 
These were fastened to the poets by steel rods projecting up into them; these rods, how- 
ever, did not hold them in place and the balls were both thrown down. West of the gates 
the stone railroad station was badly wrecked, fully one-third of it being shaken down. 
Between the depot and the gates small 1-inch water-pipes, running in a northeast-south- 
west direction, were bowed upward and forced out of the ground. In relaying the piiKW, 
they were not set more than 1 foot deep, from which it is inferred that they were probably 
not more than 1 foot deep Ix'forc the earthquake. 

In front of the Holy Cross railway station (plate 96a) the tracks of the main line of 
the Southern Pacific were slightly bent, but the lighter rails of a side track near by were 
much more disturbed. Around the station the ground had settled and there were a 
number of cracks, from 4 to 6 inches wide, but these were probably due to the fact that 
this ground had been filled in to get the required grade for tracks and the station. 

Landslides. — North of Holy Cross Station, by a little lake west of the cemetery, 
there was a large landslide along the roadbed of the Southern Pacific Railway. For 
about 300 feet the bed caved and in one place; the west track was left su8{)ended in the 
air. West of the railroad there were large cracks in the newly filled grounds of the 
Woodlawn CJemetery. 

One hundred feet west of the Southern Pacific Railroad track is the electric line of the 
United Railroads between San Mateo and San Francisco. This roadbed was also filled 
in considerably for the required grade, and was not as well settled as the Southern Pacific 
tracks, so it suffered more severely. West of the Holy Cross Cemetery, the rails were dis- 
torted and pulled apart 3 or 4 inches at the joints, due mainly to the dropping of the 
roadbed. Poles were out of true, but no wires were seen broken from tension or the 
swaying of the poles. 

Northeast of Mount Olivet Cemetery there was an earth-flow in the sandy soil at the 
base of the San Bruno Mountains. The angle at which the materials slid was hardly 
more than 10 degrees. The sand and water forming this slide came out of a hole several 
hundred feet Jong and 160 feet wide, flowed down the hill several hundred yards toward 
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the cemetery, carried away a pile of lumber, and knocked the power-house from its 
foundations. The front of the mud-flow piled up in a bank when it reached the nearly 
level ground, and dammed up the mass behind it. The earth was harder several weeks 
later than it must have been at the time of the flow, but it was still slushy and there was 
still a little water flowing along the path of the earth-flow, coming from a small spring 
where the slide originated. 

On the west bank of a creek, near and parallel to the line of the railroad southwest of 
Holy Cross Ct;rnetery, there was a crack several hundred feet long. This was along 
the l)ank near the; creek bed and was an incipient landslide. 

On th(! east edge of the hills west of the Chinojse Cemetery and 9-mile house, a line of 
cracks extends for a distance of about 1,000 yards. These cracks are more than a foot 
wide in places, and there is an apparent downthrow on the northeast; in one place there 
is a long line of crusht earth, such as occurs along the main fault-line. Inspection showed 
that these cracks were caused by a slight landslide. The line of crumbled earth was due 
to the earth alwve it on the hillside sliding slightly, and the crumbling represented a line 
of buckling of the crust. 

These cracks are upon the top of a hill, at an elevation of about 400 feet; their general 
direction is about N. 40° W., and parallel to the San Andreas fault, and the line of hills 
here has the same general trend. 

A line along the east edge of the hills, then, would naturally have the same trend as 
that of the main fault. A continuation of these cracks would go to the ocean thru 
Wood’s Gulch, which is along the line of a small fault; but no evidence could be found 
showing any visible movement at the time of the late earthquake. There were several 
large landslides on both the southwest and northeast sides of the gulch, and at the ocean 
the amount of dirt that had fallen was very large. These things show a high earthquake 
intensity, but there is no evidence of other movement. 

The coast north of Mussel Rock. — Along the coast from Mussel Rock to Lake Merced 
the section known as Seven Mile Beach presented steep cliffs from 1 to 700 feet in height. 
These cliffs arc composed of the beds of the Merced series, which are soft clay and sand- 
stones only partially consolidatal. Along the face of these cliffs the Ocean Shore Rail- 
way had started a grade at an elevation of about 300 feet above tide level. Along this 
bluff a large amount of earth slid down the slopes at the time of the shock. This caving 
of the banks was due to the natures of the soil, the proximity to the fault -zone, and the 
disturbance of natural slopes due to the railroad terrace near the top. 

In places this slope toward the ocean was brought about to the angle of the repose of 
this material and the roadbed was entirely destroytjd for a distance of 3 miles. 

On April 25, the writer was on the edge of the cliffs near Wood’s Gulch. Al)out 3 p.m. 
of that day there was a shock with an intensity estimated to Ix) between VI and VII. 
At that time the cliffs shook like so much gelatine, and it was necessary to hold on to 
prevent falling. On the north side of the canyon, hundreds of tons of earth fell even 
with this light shuck. 

Along tlu! top of the cliffs large cracks were formed to a distance of several hundred 
feet from the edge. Many of these cracks were a foot or even as much as 3 feet in width, 
and small scarps were often present, 4 or 5 feet high and 20 or 30 yards long. The gem- 
eral tendency was for everything to slide into the ocean, but this was not always true. 
Miniature scarps of more than 6 feet were stMsn with a downthrow upon the northesast 
or inland side. The Merced beds, as a whole, were badly shaken, and broke up all along 
the coast section. Near Mussel Rock part of the roadlxnl slid for about 500 f<wt and on 
the hillside above the road there was a long crack which was the beginning of a slide that 
might have taken a large part of the hill. The direction of this crack was alraut N. 45° W., 
which is more toward the north than the fault-line at this particular place. 
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Lake Merced. — About 6 miles north of Mussel Rock, where the Merced beds disappear 
under seolian sands, the disturbance seems to have been quite violent. An old railroad 
trestle, that crosses the northern end of Lake Merced in the narrowest place, was badly 
wrecked. This bridge was broken in two places, and the intermediate piece was out of 
line with both ends. The direction of the offsets was very nearly due north and south. 
At one break the west piece was shoved 12 or 14 feet past the other section. The west 
end of the intermediate piece failed to join the section at the west bank by 6 or 7 feet. 
The west section that remained with the bank was from 4 to 5 feet lower vertically than 
the intermcHliatc piece. The trestle was old, built of heavy timbers on a sharp curve, 
and not in use, which will in part account for its destruction. The swaying of this bridge 
de.stroye(l a section of it 50 to 60 f<!et long. On the hillside where this trestle reaches 
the west bank of the lake, cracks parallel to the shore line suggest the cause of the destruc- 
tion of the bridge. The displacements here are larger than any along the main fault- 
line, and it is apparently entirely local, due to the slipping and settling of the west bank 
of the lake. 

Upon following around the north end of the lake to the road that runs to the Life 
Saving Station, a line of terra-cotta pipe, about 8 inches in diameter, was found. There 
was no large displacement found in this pipe, altho it liad been cracked at many points. 
Thent is nothing in these phenomena to show that there was afault tlnu the MercedValley. 

Just south of the bridge across Lake Merced, a sand-bar was forced up out of the lake, 
from water that was previously 6 or 8 feet deep. This bar is parallel to the west bank 
of the lake, and has a direction almost due north and south. This was probably caused 
by the same thing that wrecked the bridge; that is, the displacement and settling of the 
west bank of the lake at the time of the earthquake. 

THE AREA SOUTHWEST OF THE BAN ANDREAS FAULT. 

Difference of apparent intensity on the tm sides of the fault. — On passing from the beds 
of th(‘ Merced series on the northeast to the southwest side of the fault, there is a marked 
difference bet ween the distribution of small cracks and litthi earthslides. On the north- 
east side, in the Merced beds, th(wc cracks and landslides arc common, but on the south- 
west side they an; entirely absent, nils can hardly be taken to show that there was any 
difference in intensity on the two sides of the fault ; it is probably the result of the differ- 
ence* in the; character and stability of the reicks. At other places north of the fault, but 
southeast of the Merced beels, this difference has not been noticed, probably because in 
that part of the area the rocks am nearly all Franciscan. 

On the south side of the San Anelmas fault them arc no towns affording an opportunity 
for judging the intensity of the sheick. The gradatiem must of necessity be based upon 
something els(\ Landslides occur both near the fault-zone and at a distanc.e from it, 
under somewhat, similar geologic and topographic conditions. It seems to be a* fair 
assumption that a landslide is indicative of a high intensity. 

Lagima SaUida Valley. — In the valley of Li^na Salada, the Ocean Shore Railroad 
had a tenqxirary trestle cnxited for making a fill in the valley up to required grade. 
This trestle was twistiHl and thrown out of line, and the earth sank along the newly filled 
roadbed. Similar things happened to newly filled roadbeds along the wrat edge of the 
Santa Clara Valley, near Baden and San Bruno. 

Along the base of the cliffs south of Laguna Salada, there were several small slides, 
some from the fa(;e of the hills and others in the newly graded roadbed. There were 
many small cra(;ks along the tops of the cliff, parallel to its edge;, showing tliat the face 
of tlu; bluff was shattered, and that more earth might slide. One big rock pinnacle, 
which had been l(;ft above the nMtdbed as a landmark, and which had seemed a little 
dangerous before, was shaken down. 
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Ccdera VdHey. — In Calera Valley the shock was severely felt by people in some small 
temporary shacks. South of this place, in the San Pedro Valley, two old wooden houses 
showed no structural damage, and only one of two brick chimneys was thrown down. 

San Pedro Point. — From San Pedro Point southward for about 1.5 miles, the cliffs 
rise to heights of from 400 to 800 feet. The railway company had cut a bench for its 
roadbed several hundred feet above the ocean. This roadbed, being largely in solid 
rock, was for the most part not much injured ; but in some places it was obliterated by 
rock slides that came from above. 

Just north of the point known as Devil’s Slkle, there was a landslide of the whole face 
of the west end of Montara Mountain. It started at about 800 fe(^t above the sea, and 
swept down carrying many hundreil f(H>t of roadbed along with it. The material that 
slid was sandstone and granite, but it sc'oined to be much weatheriMl and softened in 
plac(\s, so that it was loose ground. 

South from the Devil’s Slide to the; first small coast valley, then; were landslides along 
the cliffs. The rock in this vicinity is massiv(‘ granite, but the landslides showed that 
the rock had disintegrated for a considerable distance below the surface and the slides 
were in this decomposed rock. Wherever the railway bed was filled or built out with 
this material, there was more or less sliding and settling, causcnl by th(‘ earth(j[uakc. 

Montara Point. — The old, low brick striuiture at Montara Point did not show any 
effects of the shock, but there was some damage to a wooden tank-hous(». Om* of the 
tanks, which was previously known to old and rotlim, collapsed (‘iitirely. In the yard 
of the keeper is a concrete water cistern which holds ov(t 0,000 gallons, and which is set 
flush with the ground and protected with an iron cover that two men can hardly lift. At 
the time of the shock this tank was almost full and had the cover on. The violence of 
the shock was suflScient to throw this cover 10 or 15 fe(‘t, and spill about 3,000 gallons 
of the water in all directions. 

ITie observations of the light-liouse keeper are considerably at variance with what 
some people have said regarding the behavior of tlic ocean at t he time' of tluj eartluiuake. 
Many persons told of waves that had rolled high up on the cliffs. The kiH»per reports 
that during the actual period of shaking tlu' ocean was smooth, without even the custom- 
ary motion. After the shock had C('ased, it was perhaps half a minute; before; the calm 
was broken and the regular swell be'gan. He reports that he was upe)n his fe^c't at the; 
time of the shock, and altho used te) being on shipboarel, coulel stand only with great 
difficulty. 

This testimony as to the appe'arance of the wateT is almost the same as that of the 
light-house keeper at San Mateo Point. There was no eviele*nce anywhere* along the* coast 
to show that the water rose above tiele;-level. 

On the southwest face of Montara Mountain, nearly all e)f which is visible from the 
road, no lanelslides of any size were observeel. 

Landslides. — South of Montara Point, in the low foot-hills north of Half Moon Bay, 
there were two large low-angle landslides or earth-flows. One of the;se landslieles was on 
the low foot-hills facing the ocean; the other on the northeast bank of Frenchman’s 
Creek, several miles northeast of Half Moon liay.^ 

From Half Moon Bay to San Mateo, there were several large slides of different character 
from those already mention(;d. Tlu'se resulted from the slipping of large masses of 
rock, many of the fragments in one; of the slides being over 20 feet in diameter. (See 
plates 124c and 126n.) 

On the south face of Scarper Peak, and on the southwest face of Ox Hill, there were 
several landslides both large and small. No photographs of the larger slides arc; available. 

About 4 miles east of Half Moon Bay, just off the south edge of the San Mateo sheet, 
there was another large earth-slide similar to the two already mentioned. 

‘ These arc described by Mr. R. Anderson in the section dealing with Earth-flows. 
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Pilardtos Canyon. — In Pilarcitos Canyon, the stone dam of the artificial lake was unin- 
jured and the flume down the canyon sprung only a few leaks. Mr. Ebright’s house, at 
the lower end of the lake, lost two out of three chimneys by the shock. The spring water 
at this place, which is used for house supply, is said to have been milky-white during the 
day of the earth(j[uake. This canyon is made by one of the large faults mentioned in 
the first part of the paper. If there had been any movement along this fault, it would 
have been shown at the dam which crossc^s the canyon at a right angle to the fault-line. 

CahilVs Ridge. — This range of hills forms the northeast side of Pilarcitos Canyon, 
and is the second ridge southwest of Crystal Springs Lake, with the same general north- 
west-southeast trend. On the top of this ridge, a small house lost one of two chimneys, 
and things inside were shaken around. A table is said to have tilted enough for dishes 
to slide off. 

Just southeast of the house is a depression in the riilgc, across which furrows and cracks 
formed similar to those along the main fault-line, but not extending more than several 
hundred feet. These cracks do not seem to have been landslide cracks, for they are on 
top of the ridge and on a flat piece of ground. 

Another peculiar ph(»ii()nH‘non was observed uj^on CahilPs Ridge, less than 1 mile north- 
west of the cracks mentioned. In an area of limestone, a sm^l patch some 30 feet in 
diameter was torn up as tho it had beim plow^ed and harrowed, and no large pieces of sod 
were left intact. Around this in various places were cracks of a few inches in width, 
with one or two over a foot wide. There was a slight downthrow on the uphill side to 
be noticed in some of those cracks, which eliminated the possibility that they were cracks 
preparatory to landsliding. 

Sawyer's Ridge. — On Sawyer’s Ridge, about 9 miles north of the region described on 
Cahill’s Ridge, there w^ere cracks several hundred feet long almost at the top of the ridge. 
These were parallel to the line of the main fault, which is a mile to the east, and there was 
a marked downthrow of from 2 to 3 inches on the southwest side, which in this case was 
the uphill side. If the downthrow w^ere on the downhill side, then it could be possible 
that these were landslide cracks. The exact cause or mode of the formation of the^e 
cracks, or the breaking of the ground on Cahill’s Ridge, is not clear. 

In the canyon between Sawyer’s Ridge and Sweeney’s Ridge, a 2-story wooden house 
did not suffer much, and out of 4 chimneys only 2 wnre cracked. One of those that 
remained standing was a tall top-heavy chimney of brick ; the other was only a tin pipe. 

At Byrne’s store, on the Half Moon Bay road, half a mile west of Crystal Springs Lake, 
it was reported by the keeper that the water from their spring, on the day of the shock, 
was muddy and was not tasted. On the second day after the earthquake, it had a very 
salty taste, but on the third day was normal. A house on the northwest side of Half 
Moon Bay road, 2,000 feet southw(!iSt of the dam, was thrown from its foundations, 
while some 200 feet northwest of this house there was a slide in the canyon. 

CONCLUSIONS. 

There was no marked difference of intensity on the two sides of San Andreas fault-line. 

There was a decrease of intensity on both sides of the fault-line, as one goes away from it. 

The distribution of intensity bears no evident relation to th(; minor faults or structure 
of this area. 

It is evident that the intensity varies with the geology, or with the areal distribution 
of rocks and soils. 

The areas that suffered most severely were those upon filled ground. 

Areas upon marshy ground showed destructive effects similar to artificial filled land. 

Next in intensity to areas of filled land are those upon incoherent sands. The damage 
in sandy areas was due partly to the shaking of sand like jelly and partly to settling and 
sliding. 
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Areas that suffered least were upon rock of some kind in place. 

Towns along the west edge of the Santa Clara Valley, at equal distances from the fault- 
line and upon similar geological formation, showed the same intensity. 

The waters of the bay and of the ocean were quieted by the shock, and there was no 
perceptible tidal wave following the movement. 

The shock was not felt as strongly upon the waters of the bay as upon the land near by. 

There was an unusual flow of water in the creeks draining into the bay lu^ar Baden and 
San Bruno, directly after the shock. 

The destruction of buildings and the disturbance of railway roadbeds and rails was 
much more violent thruout the area covered by the incoherent Merced beds than on the 
older hard rock in the adjoining areas. 

There was a large amount of damage done in the cemeteries, which are on seolian sands. 

A large number of the monuments fell at the cemeteries, but Uhtc was no consistency 
in the direction of falling to show the direction of motion. 

Motion in more than one direction was suggi^ixl by monuments twisted upon th(»ir 
bases. Vertical motion was shown in one monument which had the uppi*r portion turiunl 
upside down. 

NOTKS BV OTHER OBSERVERS. 

San Mateo, San Maieo County (Mr. Maxwell). — At the time of the shock Mr. Maxwell 
had led a horse out of the bam to give him water. He first lu^ard a h(‘avy rumble, which 
he took for thunder, coining from the northwest. This was followed by a wavy motion 
of the ground. The earth rose and fell like the swell of the sea, th(^ waves b(‘ing about 3 
feet high. A water-tank about 30 feet high tipt over to the southiiast so as to throw water 
out and allow him to look into the top of the tank, he iKiing 75 or 80 f('et distant The 
tank swayed back to its place without falling. The two wavii motions w(*re followed by 
a severe shock, as if the waves from thc^ northwest and soutlu^ast met suddenly undcii* 
him. Both he and his hors(^ were thrown off thisir feet. The* horse atliJiiipted to run, 
but could not on account of the violent motion of tin; i^arth. 

Redwood (E. C. Jones). — The mains of the gas plant are all of sU^d and suff(»reil no 
damage. The gas-generating apparatus was moved sevciral iiiclu^s on its foundation, 
and all cast-iron connections were more or less damaged. The buildings, being of frame 
and corrugated iron, were not seriously damaged. A 2(),000-foot gas-hoIdcT in a redwood 
tank above ground was completely demolished by the earthquake. The shock secMiis 
to have been particularly severe at Redwood City, and the boiler settings at this station 
were badly damaged, while at San Mateo, 9 miles distant, the settings werci uninjured. 



THE CALIFORNIA EARTHQUAKE OF APRIl. 18, 1906 


REPORT 

OF THK 

STATE EARTHQUAKE INVESTIGATION COMMISSION 


IN TWO VOUIMES AND ATLAS 


VOLUMK I, I’AKT II 



WASHINGTON, IX G. 

TUBUSHED by THK CAUNEGIK INSTITUTION OF WASHINGTON 

1908 



OAKNKGIE INSTITUTION OK WASllINtlTON 


J^UKiaCATlON No. 87, VoLl'MK I, PART II 


Ncrtooob ]piesB 

.1. S CiiSliiiif; (’«. — Berwick Smith Co. 
Norwuml, Mum., IT. S. A. 



PART TWO. 


ISOSKISMALS: DISTKlHrTlON OF APPARENT INTENSITY -I’ONTINIIEI). 

AREA OF THE SANTA CRUZ QUADRANGLE OF THE U. S. GEOLOGICAL SURVEY. 

The distribution of int(‘iisity in the area of the Santa Cruz Quatlrangle was studied by 
students of Stanford University, under direction of Prof. J. C. Branner. The con- 
tributors to data embodied in this part of the report are Messrs. R. V. Anderson, H. W. 
Bell, B. Bryan, R. E. Collom, R. Crandall, P. Edwards, H. P. Gage, F. Lane, H. Moran, 
R. L. Motz, A. F. Rogers, S. Taber, A. F. Taggart, F. W. Turner, and G. A. Waring. 

Stanford University (J. C. Branner). — Referring to the group of dwellings south(‘ast 
of the University quadrangle, there were 61 residcmcc^s on the campus of Stanford Uni- 
versity at the time of the eartluiuake. Out of 140 chimneys on these buildings, 104 
were thrown down, or 74 per c(‘nt. The phistc^r was gt'iierally badly broken on the first 
floors of these buildings, and less injured tho generally more or less cracked in the second- 
floor rooms. At No. 13 Alvarado Row, fii*st floor, several pictures 18 inch(5S across, and 
hanging by cords 4 feet long, were swung so far that they w^(‘r(‘ Itjft with their faces to 
the wall. On the corner of Salvatierra and Aguello Streets, a frame building occupied 
by the Chi Psi Fraternity w^as so badly wrecked that it had to be abandoned. 'I'he 
injury done this building was due to its liaving stood upon posts 4 feet high and not wt‘ll 
braced; the swaying of the building threw it off th(‘S(i supports. 

IVesident Jordan^s residence*, west of the cjuadrangle, luid 3 brick chimneys, all of 
which were- thrown down ; the plasUa* was so badly injunMl that tint first floor, the ceilings, 
and part of the second floor had to hv r(‘plast(*red. 'J’his building rested upon a brictk 
foundation about 4 feet high. 

The Stanford residence, a mile north of the quaclrangh^, was so badly wrecked that it 
has sinc.e been torn down. The original building was of brick, and w^ooden additions 
had bi'cn built on tho northwest juid southeast sides of the brick portion. The additions 
stood upon woodi'ii uprights 4 feet in length. The southeastern wooden addition was 
thrown from its sujiports and f(Jl away from the old(‘r brick portion. The brick portion 
of the structure was badly shattered. In the grounds and parks about the residence 
thcjre were many marble and bronze statues from 4.5 to 5 feet high, standing on pedestals 
from 2 to 4 feet high. These w ere all thrown ilow n, except a few that were very securely 
bolted to heavy pedestals. There w as no uniformity in the directions in which they fell. 

Betw'een the Stanford r('sid(‘iice and the museum, a large 2-story brick winery had 
the 4 gable cnils thrown down. The northwest gable fell into the building, the south- 
east gable fell outward, w hile the gables on tho northc'ast and southwest sides fell outward. 

Mr. Charles G. Ijathrop's residence is not on the, valley floor, like the oth(U' buildings in 
the immediate vicinity of the University, but stands on a hill of sandstone nearly 300 
feet above th(^ level of the bay. Out of the 4 brick chimneys on his house 2 were thrown 
down; 2 water-tanks 53 feet high (10-foot tanks on 43-foot supports) were not injured, 
but about two-thirds of the water was thrown from them. 

Professor Uurand^s house, south of the quadrangle, is on a hill 160 feet above the bay 
and stands on the upturned edges of gravel beds that underlie the Santa Clara Valley. 
( )f 3 chimneys, 2 were thrown down, and the plaster w^as cracked on the ground floor. 

Of the University buildings proper, some w^ere unhurt while others were complcitely 
wrecked. (See [)late 1()2».) They all stand upon the loose gravelly loam of the Santa 
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Clara Valley floor. As a rule, the older the buildings were the better the}^ withstood the 
shock. Much damage was done by the throwing down of stone chimneys. The 150-foot 
stone chimney of the power plant was thrown down, crushing part of the boiler house 
and killing a fireman. The double-flued 60-foot chimney of the assay laboratory fell. 
The large stone chimneys of the dormitories were broken off at the roof edges and fell 
into the buildings. At Encina HaU, the men’s dormitory, one chimney fell thru the roof 
and carried down a tier of rooms into the basement, killing one student. The south ends 
of the wings of Encina Hall were so badly cracked that they had to be entirely rebuilt. 
It was found that the injury done to the ends of the wings w^is duo to the reflation of 
tlu^se particular walls to the roof beams. Excepting the cracking of plaster, Encina Hall 
was not othc^rwisc injured, tho it is a 4-story building, with basement and attic. 

The chimneys also fell from Roble Hall, the women’s dormitory, and did some damage 
to the roof and upper floors; but the building, which is of concrete, was otherwise unhurt. 

The Chemistry building had 32 tile-lined stone ventilating chimneys projecting 12 to 
10 feet above the roof, besides 2 ordinary stone chimneys; these were all thrown down. 

The stone tower of the church was shaken to pieces, and in falling dc^stroyed the parts 
of the roof immediately around tho tower. The north gable end of the church was 
thrown outward into the quadrangle. (Plate 103b.) 

The top of the memorial arch was broken off down to the upper i)ai‘t of the frieze, and 
in falling it wnujked adjacent portions of the arcades to the east and west. (Plate 103a.) 
The parts of the arch left standing were cracked. The 2 smaller arches at the east and 
west ends of the inner quadrangle were slightly cracked near the top, but they were not 
seriously damaged. 

Besides the damages to the church and the mennorial arch, the most serious injury to 
the (juadrangle group of buildings was clone to the largcii* structurcis. ’I'hc^ 1 -story 
buildings, especially those that had bcH^ii standing for several years, were lujt damagcMl 
Ixjyond the occasional cracking of piaster-; and evem in thc^se cases the injury was found 
t.o be dircHitly related to the method of supporting the roofs upon the walls. The statutes 
of the front facade wca‘e dislodged and one was thrown down. (Platen lOOn.) 

The l-story buildings in the outer c|uadraiiglc! had all b(u*n latc^ly put up, and these 
were somewhat crackcnl, tho none of thf*iii was seriously hurt. Thu craetks were generally 
about the cMids of the buildings and along the tops of the walls where thc^ roof timbers 
rested upon them. The highen* buildings of the outcir quadrangle W(U*e more sijriously 
damagcMl, especially those situated on the coriujrs. These buildings arci all three stories 
and basement. Tlu? towc;rs on the inside ciorncjrs of these buildings were all more or 
Icjss broken and riicpiire r<;building. The Civil Engineering building — three stories and 
basement — at the southeast corner of the outor quadrangli; had its outer walls badly 
cracketl, especially on the north face, and about the tower at its northwest coriuM*. 
Inside the plaster was injured more or less all thru the building. 

The ecology building, at the southwest corner of the outer quadrangUj, was the last 
building of this group to be put up. It was a 3-story structure, and had bandy bec^n 
finished ; but it was not yet occupied when the earthquake occurred. Sections of tin* 
walls were thrown down from cv(Ty face of the building. These scjctions extciiided 
from th(^ eaves down to the so(;ond floor. The tower at th(^ northeast (lorncu- was badly 
cracked and i)art of it fcdl. Th(^ plaster was broken on all the vertical walls, both on th(j 
outside walls and on tlici partitions, showing that there was much internal wrenching 
of the building. The walls of this building will all have to eome down and be rebuilt 
from the foundation. (Plate 102a.) 

'Hie inner arcades of the quadrangle were not much aff(ictt(ul. At one place on the 
south side of th(‘ memorial court, wh(ire the arcades anj not direcdly coniK^cted with any 
other building, thciy were so violently swayed that they seciin to have coiiui iKJar falling. 
’Hiey W(T(j found to be 7.75 indies out of alinement after th(i earth<iuak(% and the tops 
and bas<\s of tin; sup[)orting stone columns were chipped off. (Plate* 1050.) 
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The arcade along the south side of the outer quadrangle that was not directly connected 
with the other buildings was completely wrecked. The arcade in front of the French 
building on the east side and a corresponding piece in front of the Physics building on 
the west side of the outer quadrangle were thrown down. South of thci business office, 
parts of th(5 outer arcades fell. This is on the east side of the quadrangle. Parts also fcJl 
south of the Mineralogy building, on the west side of the outer quadrangle. (Plat(i 10r)A.) 
The arcades around the memorial court arc only partly in direct connection with l)uildings. 
The fre(i portions appear to have swayed so far out of the vertical that the bottoms of 
the stone columns supporting the arches were chipi)ed off, or crackcid at their bases. 
The 2-story woodworking shop of brick, south of the (juadrangle, was badly damaged ; 
and the forge; building, next to it, also of brick and 1-story, was cra(^k(;(l. 

The che^rnical laboratory, a new stone-faced building (two stories, attic and has(;m(;nt), 
was so badly cracked that most of the walls have to be rebuilt from the foundation. 

The new gymnasium, a stone-faced brick building, was totally wrecked. (Plate 
104 b.) It had just l)een put up, and the inside work was not yet finished. The new 
library, also a stonc-fa(;ed brick structure, was comj)l(d(‘ly \\T(;cked (^xcc'pt a tower of 
steel on which its c(;ntTal dome still stands. (Plate' 1()4a.) This building had just been 
])ut up, an<l was not yet finished on the inside wIkui tlu; eartlujuakt; occurred. The 
Museum building consisted of an old<;r central portion built of (^oncrefe, and extensive 
additions of brick had just l)ccn completed. The new brick portions of the building were 
almost all thrown down, but the older concr(;te part was unhurt. 

The ornam(;n(.al stone gateway at the entrance to the university grounds, near Palo 
Alto, wjis thrown down. (Plate 101 n.) 

Tin; water-tank at the Faculty CluWiousc was wreckcul and a wat(n*-tank in the fields 
(;ast of Alvarado Ilow was overthrown. TIk; large; cov(;red tanks west of the stock farm, 
l)e.sid(! the county road, were not thrown down, but much water was spilt from them. 

Palo Alto (A. F. Rog(;rs). — The most interesting effects of the earthquake in Palo 
Alto were those which showed movement of buildings and those which gave (;vidence of 
twisting. A number of buildings moved toward the southeast 1 to 0 inc.hes or more. 
Sotne buildings were left out of plumb and usually th(;y were inclin(;il to the southeast. 
In otli(;r cases, buildings collaps(;d and fell toward the south(;ast. It should be remarked 
that practically all hous(;s moving to the soutlieast were those situated on the streets 
running northwest-soutlu;ast. Very few buildings on the avenues (running northeast- 
southwest) were moved at all. Tlie mov(;d buildings stand approximately at right angles 
to the fault-line southwest of Stanford University. 

A change in the direction of tlie eartlKjuake movement is suggested by the fact that in 
sev(;ral casi;s the cliimneys were apparently twisted from their normal positions. The 
same is true of several houses that collai)sed. The twisting wiis clockwise in some 
cases and counti;r-clockwise in otliers. A remarkable; ease; of twisting wjis shown in the 
house at 727 Cowper Strei;t, where picture frames were tilted from the normal j^ositions. 

Chimneys were mostly knocked down, those that/ remained standing being for the; most 
part in the C(;nters of the houses. The direction of their fall was apparently ac(*id(;ntal. 
A curious case is that of three 1-story frame houses, exactly alike, at 317, 323, and 
329 High Street. The chimney on the house at 329 remained standing, while the 
cJiirnneys on the other two lious(;s fell. 

The data u])on which these conclusions are based follow; 

737 Channing: Small ono-story frame house without foundation; chimney standing. 

845 WebskT: Onc-slory frame house with wood foundation; chimney standing. Chimiicyis were 
thrown from the two ono-story frame houses next to it. 

434 Middl(4i«4d : Two onc-slory shingle hoiwes; chimneys stanrling. 

427 Middlolicld: One-story house; chimney in the center of the house stood. Next door, same kind of 
house, chimney at end of house fell. 

667 Hamilton: One and one-half story frame house; chimney in center of house stood, while one at 
side of house f(41. 

5.57 Hamilton : Two-story frame house; chimney standing. 
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Hamilton and Middlofidd: Two and one-half story frame house; chimneys standing. Chimneys down 
in houses aroimd it, both one-story and two-story houses. 

368 Lytton: Very small frame house without foundation; chimney standing. 

Hawthorne near 'waverly : Several small houses ; chimneys in center of houses standing. Side chimneys 
on small houses across the street from these were down. 

171 Cowper: Tiny one-story frame house; chimney on side of house standing. 

317, 323, and 329 High Street: Three one-story frame houses exactly alike, and chimneys in same posi- 
tions on houses. Chimney at 320 standing; the other two down. 

310 High: One and one-half story house; chimney in center standing, one on side down. 

Kingsley and Brvant: Two-story stucco house; chimney standing. No damage. 

1329 Waverly: Low one-story shingle house; rather high chimney standing. 

Boyce Avenue: Two-story rather low frame house; chimney standing. 

Guinda Street: Two frame houses, one one-story, other two-story; chimneys standing. Chimneys fell 
from houses on both sides. 

Hamilton and Fulton: One and one-half story frame house, chimney cracked but standing. Very 
small house next to it, chimney down. 

465 Hawthorne : One and one-h^f story house (first story brick) ; apparently no damage except chimney 
down. 

347 Melville: Two-story stucco house; chimneys all down. 

Forest Court: One very low frame house; chimney down. 

253-255 Homer: Two-story double stucco house; plaster slightly cracked, chimneys down. 

Evidences of Twisting. 

1110 Bryant: Small one-story frame house; chimney at center of house twisted slightly counter-clock- 
wise. 

121 Emerson: Small one-story frame house; chimney in center twisted clockwise. 

Waverly near Lytton: The Palo Alto Academy, an old two-story frame house, completely collapsed, 
falling toward the southeast and aj)parcntly twisted counter-clockwise. 

Emerson, near University Ave. : Two-story frame house was moved off its foundation toward the south- 

711 Cowper: Pictures on walls ; some remained straight, others 
were twisted as shown in the sketch, showing the four 
walls of the room. The pictures on the northeast 
and southwest walls were observed in one room and 
those on the northwest wall in another room. (See 
fig. 55.) 

Movement of Buildings. 

627 Waverly ; Two-story frame house high above the ground 
and resting on brick foundation ; lower part of house 
moved toward the southeast so that it had to be 
propt up. 

711 Cowper: One and one-half story frame house high off the 
ground ; 6 inches out of plumb in rear. 

745 Cowper: One and one-hulf story frame house, high off the 
ground ; several inches out of plumb. 

538 Emerson: Two-story frame house; first story moved 2 
inches toward southeast. 

439 Alma: One-story stable moved a little to the southeast. 
129 Emerson : Two-story frame house several feet above the 
ground was moved 3 feet toward the southeast and 
set down on the ground. 

Luscher Building, 251 High: Two-story frame building; moved toward the southeast several inches, 
and apparently twisted counter-clockwise. 

Palo Alto Hotel, Alma and Lytton: Three-story frame hotel moved toward the southeast. 
Greenhouse, near San Francisquito Creek : Very little damage ; a few panes of glass broken. The benches 
moved toward the southeast from 0.5 to 1 inch. 

Ruthven and Cowper: New one and one-half story shingle house with concrete foundation; chimneys 
standing. House propt up on southeast side. 

Dudfield Lumber Yard: Piles of lumber moved in various directions, but mostly toward the southeast. 
Forest and High: Lumber shed; lumber piles on each side of open central space partially collapsed. 

Lumber piles on northwest side moved toward the southeast; those on southeast side re- 
mained in place. 

Blciber Blacksmith Shop: Two-story frame building; lower story moved 4 inches toward the southeast. 
Alma, west of University : New three-story artificial stone building fell toward the southeast. 

Alma, east of University Avenue: New two-story artificial stone building; collapsed and fell toward the 
southeast. 

444 High: Two-story brick business house; first story moved toward the southeast. 

Miscellaneous. 

The bridgf^s across San Francisquito Creek, at Bryant Street and Middlcficld Road, apparently were not 
damaged. 

University Avenue and Romona Street : Jordan Building; three-story stucco business building. Roster 
on first story badly cracked. 


cast, and twisted clockwise. 



Fig. 56. — Diagram showing displacement of 
pictures on walls of rooms. 
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Menlo Park (H. P. Gage). — At the Catholic Seminary near Menlo Park, a 4-story 
brick building, the upper part of many of the walls fell; towers and chimneys also came 
down; arches were sprung apart, allowing their keystones to drop, catch, and hang. 
There were many cracks in all the walls which remained standing; the capstones above 
the windows on the fourth floor fell out. The chapel behind the northeast side wall was 
thrown in a heap. The 1-story brick buildings back of the large one were little 
damaged; a wooden tank was uninjured, altho it was on an 80-foot tower like the 
one in the building which fell. The round power-house chimney (35 feet high) was 
cracked in the middle and the top broken off. A mile nearer Fairoaks Station, a water- 
tank only 12 feet high was thrown down. With this one exception all the tanks on 
this side of the county road appeared to be standing. 

(F. Lane.) — A water-tank beside the road, passing north of the cemetery 1.5 miles 
southwest of Menlo Park Station, was thrown down; while one about 0.25 mile nearer 
the station on the same road was left standing. On the second road west of San Francis- 
quito Creek, and running southwest from Menlo Park Station toward the Alameda de 
las Pulgas, three large trees growing together had been tom apart, and one about 2.5 
feet in diameter had fallen. Water-tanks on the second road west of San Francisquito 
Creek were not thrown down. On the second parallel road west of the Creek, and leading 
southwest from Menlo Park and 1 mile from the station, the roof of a large 3-story 
brick house, which had been recently built, had collapsed, the bricks having l)ecn shaken 
from the walls down to the secontl floor. The Arcade of the Sacred Heart Convent was 
thrown down. (Plate 101a.) 

Fairoaks. — On the road leading southwest from Fairoaks and about a mile south- 
west of that station, a newly completed 1-story bungalow had entirely collapsed. 

(S. Taber.) — At a stable near Fairoaks (about a mile southeast of the junction of the 
Woodside Grade road with the road leading across University Heights) heavy carriages 
and wagons were moved sidewise 6 inches in a direction N. 37° E., but they did not roll 
out on their wheels. These carriages were placed on the northwest side of the bam. 

(H. P. Gage.) — Following the road from Fairoaks toward Cooley’s Landing, a house 
with poor underpinning fell over, also the woodshed near it. An engine mounted on 
a platform 2 feet from the ground was not upset. People reported new holes formed 
in the slough near Cooley’s Landing, but their statements were not verified. No damage 
except broken chimneys was noticeable in the vicinity of the Landing, and solidly built 
houses seemed to be intact. One house on a poor foundation was knocked down; while 
the bams, tanks, etc., belonging to it were uninjured. 

(F. Lane.) — South of Menlo Park and cast of the Meyer Place on the west side of San 
Francisquito Creek, a crack about 1.5 inches wide ran for 20 feet along the edge of the 
county road parallel to and just above the creek, showing a half-inch vertical displace- 
ment, the lower side lying next to the creek. This crack appears to be due to the start- 
ing of the filled ground of which the road is partly made. The water in the reservoir 
of the Bear Gulch Company, 3.25 miles west of Stanford University, is reported to have 
been thrown about 25 feet beyond the dam on the southeast side of the lake. Water- 
pipes along the road leading from the reservoir toward Menlo Park had been pulled apart. 
The buildings in the neighborhood of the re.scrvoir are of frame, and no great damage 
was done to them, except that the brick chimnc 3 rs were thrown down. 

Redwood (II. V. Anderson). — The intensity of the earthquake in lledwood City was 
about IX. Many buildings were partially wrecked and the new court-house was com- 
pletely mined. Over 40 houses in the town were moved upon their foundations, and 
a majority of the houses had the plaster badly cracked. Ninety-four per cent of the 
chimneys fell, and dishes and similar objects were universally thrown down. Along 
the two roads leading from Redwood to Portola, out of 23 big public water-tanks 20 
were thrown down. 
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East of Palo Alto (S. Taber). — On the Embarcadero road, from the railroad crossing 
at Palo Alto toward the Bay of San Francisco, only about half the brick chimneys had 
been thrown down. Plaster on first-floor walls cracked, but it was not injured to any 
extent in the upper stories. Many houses showed little damage to plaster, even on the 
first floor. The tanks of the Palo Alto Water Company (at 1, map No. 22) had not been 
thrown over, but the frame (100 feet high) had slipt on the concrete foundation a maxi- 
mum distaiKse of about 0.5 inch in a direction N. 87° E. The water is reported to have 
slopt out of the reservoir on the east side. A water-tank about 0.5 mile nearer the 
bay (at 2, map No. 22) was standing, as was a brick chimney near it. Damage to houses 
in this section was directly due to high brick chimneys; plaster was sometimes scarcely 
cra(jked, even on the first floor of houses thus damaged. 

Mayfield to Gulh Landing (R. L. Motz). — In the town of Mayfield most of the houses 
are small, 1-story buildings resting on wooden foundations, and many of the chimneys 
were of terra cotta and winid to the roofs. Out of a total of 258 chimneys 183 fell — 
about 70 per cemt. A f(iw bric^k buildings w(ire badly cracked, and thci fire-walls were 
all thrown off. The plaster in tlu^ small buildings was sonuiwhat cracked, while in the 
larger buildings thci damage doiu^ to plaster was more mark(id. The conen'b; bridgci 
over Madera Cn^ck, on the county road 0.5 mile southeast of Mayfic^Id, was not crackcul. 
A half mile furtlier southeast along the road, 2 water-tanks and 3 chimneys (2 brick and 
1 cobble-stones and lately built) W(ire standing. A short dislanccj nearer Mountain Vi(^w 
Landing there wen; fallen or damag(;d chimneys (at 4 and 5, map No. 22). 

At Outh Lantling a large brick warehouse facing N. 87° E. had its sides crackcnl, lost 
a few bricks at the top, and had (he upi)er part of its (;ast and west (;nds knocked out. 
From Guth Landing southward along tin; road into Mountain Vi(;w, the efft'cts were 
uniform; chimneys wen; down with two (;xceptions, IIhtc; was little or no damage; to 
plaster, and the flow from bored w(‘lls had increased. In one ease; a wind-mill (at C, 
map No. 22), which had been in use for years to pum|> wat(;r from the w(;ll, was no longer 
found necessary, but the artesian wat(;r was muddy. 

Mountain View (H. P. Gage). — On the county road b(*(.vv(;en Mayfield and Mountain 
View, concrete bridges w^ere uninjured, water-tanks w(;re l(*ft standing, and the smaller 
or more solidly built chimneys uninjured. 

(R. L. Motz.) — In the new town of Mountain View, built mostly in the; vicinit y of the 
railway station, 0 brick structures, including tin; Pacific Pr(;ss and the cannery buildings, 
were seriously injured. Out of 271 chimm^ys, 20(), or 7(5 pcT c(;nt, f(;ll; out of 4(5 large 
water-tanks 20, or 43 per C(;nt, fell. In the Mountain View C(‘m(;tery there were 20 
large monuments; of these 11 fell and 7 W(*re shifted, whik; 13 slab h(;adstones out of 27 
were thrown down. In th(; village of Old Mountain Vi(‘w 75 per e(;nt of the chimneys 
(31 out of 41) fell, and 33^ per cent of the water-tanks (3 out of 9) f(;ll. 

(II. P. Gage;.) — On the road l(;ading southw(;st toward San Antonio (Veek from the 
town of Mountain Vi(;w, the liouses showed no uniform damage. At one place south of 
the county road and two miles west of the Mountain Vi(;w Station, the wat(;r-tank 
swayed and threw out several barrels of water during tlu; shock, yet the plaster in the 
house was unhurt and only a few dishes were broken. At the next house, the chimney 
fell. 

At the W(;c;ks poultry ranch 2 chimneys fell, dishes were brok(;n and plaster was 
cracked; but the water-tank was uninjured. 

Two and a half miles southwest of Mountain View Station, beside the road running 
up San Antonio Creek, a water-tank was so badly wrenched that it had to be braced to 
keep it from falling; another tank, on a side hill west of San Antonio Creek, had col- 
lapsed. The house; near the latter, in course of construction, lost an outside chimney. 
Following the road up San Antonio Creek on its southeast side, another house between 
the road and the creek had one chimn(;y cracked and another thrown down ; plaster had 
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fallen in the second story, and sewer and underground pipes were broken. Much dam- 
age was also done to the houses on the hill southwest of when? this road crosses San 
Antonio Creek. In one of th(5sc 3-story houses, the plaster was i)artly off the first 
floor walls, and windows were broken. The second house was so shakc^n tliat it shift(id 
several inches upon its foundations. A 1-story cottager close by was little damaged; 
and in the pumping shed, lx)ttles, cans, etc., standing on a narrow slu^lf did not c?ven 
fail down. The chimneys were thrown down on the ranch house at IIidd(ui Villa, two 
miles nortliwc\st of Black Mountain Triangulation Station, l)ut th(T(^ was no great damag(i 
otherwise. Big blocks of rock are said to have been shaken looser from the. mountain 
and to have rolled down the slopc^s. Onc^ of these rolled into tlu^ chicken-house, and 
others broke the wat(T-pipes at s(5veral placets farther up the gorge. 

On the road running southwest from M«)untain View Station toward San Antonio 
Creek and 1.75 miles southwest of the station, a water-tank 8 f(M?t high was tlirown down. 
In th(! village of Mountain View, 0.5 mile southw(‘st of the railway station, one chimney 
on a small house, and proj(^cting 5 feet above the roof, was h^ft stan<ling; while another 
chimiKiy on the samii houses was thrown down. On the road heading north from Moun- 
tain View, and 0.25 mile from tlui station, one chimney fell; but anotluM-, 1x2x3 feet 
was standing. The latt(T wjis braced with iron bolts, hovv(^v(T. Th(* plastcT in the house 
was cracked, though not very badly, and ihi) foumlatioiLs wc^re unhurt. 

At the Ynigo ranch, 3 mik^s nortlK^ast of Mountain View Station, the house is large 
and old. Here the chimneys bill, one going dow^n through tlui roof. The plaster was 
only slightly cracked. Frail sheds and wat(^r-tanks 20 feet high on light supports were 
not thrown down, and plumbing in th(^ house was apparently undisturbtjd. There was 
an artesian w('ll at this place which had, bi'fon' the shock, flowed only slightly or not at 
all, and a wind-mill was used to raise the water. Aft(T the shock, it was found that the 
casing had Ikhui shoviul up 2 fe(',t, damaging the pump. The flow of water was increased 
and black sand was brought up. Another well at this ranch was unaffected. 

At Jagel Landing tln^re was but little damage. One chimiu^y was unhurt, and another 
was slightly i-wisliHl. 

The concretes bridges over Permanentc^ and San Franciscpiito Creedvs showed no new 
cracks. In the low lands north(*ast of Mountain View, all the chimii(\ys ('xc('j)t one at 
the Mascot (Jun Club preserve had bec*n thrown down, and water-tanks had falh'ii except 
where they had been especially well braccul. The same was true in the vicinity of Sunny- 
val(\ Betw(*en Sunnyvale and Lawrence a brick winery was destroyed, and a tank and 
wind-mill wen? thrown to the ground. On the sc^cond east-and-west road directly south 
of Sunnyvale, for a short distance toward Stevens Cn'ek, a few chimm^ys were l(‘ft stand- 
ing; but the damages was g(MU‘rally uniform as n'ported above. 

(F. Lane.) — A 3-story brick wine distillery in th(‘ northeast corner of the San Antonio 
grant, 3.5 miles south of Mountain A^iew Station, was totally destroyed by the shock. 
This building wjis on the side of a hill. A 3-story frame house near it lost its chimm^y 
and was tipt to oik* side. A half-mile south of the winery, a water-tank beside tlu* road had 
been d(‘stroyed. At tin* soutlu^ast corner of the* same grant, a 2-story frame house (Sc*l- 
linger’s) was thrown from its 4-foot brick foundation and badly damag(‘d. The road in 
front of the hous(^ was (Tackl'd, but probably on account of the st('ep slope below tluj road. 
South of the house, across Stevens Creek, there was a landslide 100 feet in width on the 
steep face of a bluff. 

(S. Taber.) — The conen^te bridge over Stevens Creek on the county road below Moun- 
tain View was not cracked, but at the brick yard, at the juniition of the San Jose road 
with the road to Jagel Landing, a high chimney and a pile of brick had fallen over. 

Saratoga to Ctmgress Sprivgs (F. Lane). — At Saratoga some chimneys were knocked 
off, but among those standing was a high chimney built on the side of a 1-story house. 
A wind-mill with a large tank had not been injured and no other damage was apparent. 
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On the Azule Springs road, all the 1-story buildings appeared to be in good condition, 
and few effects of the shock were noticeable. Near the place where five roads fork, one 
mile north of Azule Springs on the road running southeast from the forks, there was a 
6-foot drop on the road caused by a section sinking in a solid piece on a long slope, without 
much disturbance in its vicinity. At the cross-roads halfway between Saratoga and West 
Side, the Lincoln school-house, on wooden supports, was thrown from its foundation and 
badly damaged. The tank behind the school-house was standing, as were all the tanks 
on the road from Saratoga to West Side except the one nearest the latter village. Only 
one more effect of the shock was noted in. this vicinity; namely, the bridge over Stevens 
Creek, on the road running due east and west from West Side, was rendered unsafe for 
horses by being shoved a foot out of place. 

On the Stevens Creek road, just after leaving the Saratoga road, one house near the 
junction of the two roads was shaken and dishes were broken, but the brick chimney 
was intact. Near the house a crack 2 inches wide showed a downthrow of 2 inches on the 
west side. A vacant house at the next turn, 0.5 mile southeast of Stevens Creek, had lost 
its chimney and leaned with the slope of the hill. Near this house a large area of ground, 
extending for 150 feet, ha<l been tom up in a direction of N. 3° W., and a slide formed 
which almost blocked the road. 

At the Borger place on the Stevens Creek road, the chimney was shaken down; the 
house, which stands on a high but well-built stone foundation, was not damaged otherwise. 
Wine was spilt in the cellar by the force of the shock. Further northwest along this road 
other disturbances were noted with increasing frequency; small cracks crost the road due 
north and south. 

On the northeast side of the creek, 0.25 mUe south of the place where a road turns 
northeast from the Stevens Creek road to go up Monte Bello ridge, there was a large 
landslide about 0.5 mile long and terraced from the top of the mountain. 

The short road which runs northwest along Stevens Creek for a couple of miles beyond 
the junction with the cross-road which connects with the Monte Bello ridge showed an 
exposure of serpentine with cracks running along it N. 3° W. The cracks at the widest 
point measured about one foot. In the serpentine area the ground was badly broken up, 
and in one place it was covered with 3 feet of water. (OKservation made April 22-23.) 
Following the road northwest beyond the terminus shown in the map, many cracks were 
seen, due to big landslides. Fallen trees h.av(* nuidcred the road impassable; boulders 
and dead trees still fell occasionally; even while the observer was there a large tree fell 
not 10 fe(*t from him, loosening rocks and .soil. 

Just south of the two houses near the southern end of the cross-road leading toward 
the Monte Bello road from the Stevens Creek road, a break ran due east and west ; it was 
2 inches wide with a downtIm)W of 0.25 incli on the west sifle. Only dishes were broken 
in the house, a l-story frame structure without chimneys, tho it stands al)ove the big 
slide which was just mentioned. Another crack 4 inches wide was found in the road alx)ve 
the house. 

The village of Congress Springs had not been shaken very badly. All water-pipes 
and tanks were intact and very little timber seemed to have fallen. The car tracks on 
the curve near the path to the spring had been thrown over toward the bank for about 20 
feet of the curve, a 4-inch displacement resulting. The 2-story stone building of the 
Saratoga Wine Company was partially thrown down, and the side nearest the road had to 
be propt up to keep it from falling. At this point several cracks were noticed in the loose 
alluvial material of the road, almost at right angles to each other. 

Stanford University to Portola and Woodside (S. Taber). — Going southwest from 
Stanford University along the road leading up San lYancisquito Creek (at 8, map No. 22), 
on the banks of the creek many dead limbs were broken from trees, and a dead oak 
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2 feet in diameter was broken off about 20 feet from the ground. But little damage was 
done at a house a short distance farther west. On the north side of the creek (at 9, map 
No. 22), the 12-inch cast-iron pipe of the Stanford University water-main, buried about 

3 feet deep, was cracked, allowing the water to spurt 20 feet into the air. 

Beside the road just west of Searsville reservoir, a living white oak 6 feet in diameter 
was uprooted by the jerk of the earthquake shock. (Plate 106 a.) At the Searsville 
dam the waste way is 45 feet wide. The water running over the spillway was 4 inches 
deep before the earthquake, but afterward it increased to 5 inches; more water was also 
noticed in the creek that empties into the lake. 

The Preston residence, about 0.5 mile south of Searsville Lake, lost its chimneys. 
Along the road leading from Searsville Lake southeast thru Portola, the water-tanks were 
all thrown down, except one near the junction of the Portola road with the Alpine road. 

The bridge at the north end of the village of Portok had the ends thrust together so that 
the planks forming its floor were thrown out of place. In Portola, brick chimneys were 
all down and water-pipes were broken. The Portola store was tlu’own off its foundation. 
The Catholic Cliurch in the village is a frame building that stood upon an underpinning 
of posts about 3 feet high. This building was thrown bodily about 2 feet toward the north, 
apparently thrust over by the underpinning when it gave way. The Portola school- 
house was also thrown from its foundation, which was alx)ut 3 feet above the ground. 
Two small dwelling-houses southeast of the school-house and on the south side of the 
road were thrown from their foundations. 

Following the Portola road from Portola toward Woodside, the houses showed con- 
siderable damage, with chimneys down. The water-tank at the fork of the road in front 
of Mr. Preston’s house was tluown down, and the big tank at the fork of the road, at the 
site of the old village of Searsville, was also thrown down. The white oaks in the field 
north of the road had also niany large branches broken off by the shock. A shanty 
between the 2 bridges (at 11, map No. 22) was down flat; and in a few cases the under- 
pinning of houses had given way, the hoases having settled in consequence. Small trees 
were overturned and fences broken. A large live oak had its top broken off about 20 feet 
from the ground (at 12, map No. 22); at tlic place of fracture the tree is about 3 feet in 
diameter. 

Taking the western roa«l past Newman's, which is at the place where this road crosses 
Bear Creek, from Searsville Lake to Woodskle, two c8i)ccially well-built water-tanks 
beside the road, tho well shaken on their foundations, did not fall. On the south side of 
the road, about 0.25 mile southeast of Mr. Folger's, a targe live oak was torn up by the 
roots (plate 106 b), while several eucalyptus trees had branches jerked off. A strongly 
built l-story house just below (13, map No. 22), and within 400 feet of the fault-line, 
lost all of its chimneys, but the plaster was only slightly cracked. Beds and other fur- 
niture in the house were jerked in directions paralk'l to the fault-line. A small bed stand- 
ing in the northwest corner of a room was not moved, but a larg<?r IhhI near the center of 
the same room was moved several feet. A water-tank a short distance northw(*st of the 
house, new and strongly built, alK)ut 15 feet above the ground, had nearly all of the water 
spilt out of it. An eye-witness .says that the water wjis thrown high up on the northwtist 
and southeast sides. The wat(‘r-pipc running from the house to the pump was bent in a 
curve toward the northwest, and where it entered the pump-house, the boards were broken 
on the southeast side of the pipe. The other pipe (also 4 inches in diameter) had the 
threads stript off at a joint, and tho ends of the pipe pulled apart for a distance of 2.5 to 
3 inches. The pipe was new and buried a few inches below the surface of the ground. 
A large oak tree standing 200 feet or so from the house had large limbs broken off by 
the shock. At the Folger place, between Newman’s and Portola, the chimneys were all 
thrown down. 
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On the west side of Bear Creek and north of the road along the foot of the mountain 
near Woodside, a 1-story sandstone house had its south wall thrown down, and was 
otherwise badly damaged. About 50 feet of stone wall, laid with mortar, along the side 
of the road, 3 f(Kjt high and 1.5 feet wide, was thrown down. A tank at the cross-roads 
in Woodskle was loft standing. The upixsr part of a brick winery IJ stories high (at 
26, map No. 22) was demolished, th(! roof bcung split down the middle and smashed to 
pieces. A house IJ stories high (at 14, map No. was thrown toward the southeast, 
the imdcrpinning giving way in front. The house was badly damaged. Water in a large 
tank near the house spilt out on the southeast and northwest sides. 

At the very end of the short, crooked road mapped as running northwest from the village 
of Woodside, there was a well-built 1-story frame house, of which the brick chimney 
had been thrown down ; the plaster of the house was only slightly cracketl. Near this 
a large water-tank was thrown over; another remained standing but had the shingles 
knocked off the roof on the northwest side by t he force of the water dashing up against it. 
The old adobe house at the cross-roads in the village of Wotnlside was tlm)wn down, 
the posts and supports left standing leane<l at a considerable angle toward the northwest. 

A large frame house (Mr. Josselyn’s residence), north of the road and close to West 
Union Creek, was demolished; while another on the op|M)site side of the road, and just 
south of the bridge, was not badly damaged. The concrete bridge over West Union Creek, 
1 mile south of the point (14, map No. 22), showed a few small cracks. From this point 
on up King’s Mountain road, as far as the summit, there were no cracks nor landslides. 

Page Mill and Alpine roads (S. Taber). — All brick chimneys along the upper part of 
this road were thrown down. At the Clarita Winery crockery was broken and milk 
spilt from pans. On the road from Clarita Vineyard to the Allen place (at 18, map. No. 
22), several small cracks 0.25 to 0.5 inch across ran cast and west; nunjerous cracks 
intersected (near 18, map No. 22) in various directions, whiles some large ernes running 
parallel to the contour lines were presbably due to earth slipjsing. Judge Allen’s in the 
valley, and several smaller houses, were thrown from their foundations anei otherwise 
baeily damaged. 

Following the Alpine roael up Corde Madera Creek, cracks were common on the outside 
or filled portion of the road, and these were generally parallel with the embankment. 
'I’he steep southern slojse of the ridge just north of the Alpine road, along its lower course, 
was favorable to landslips. At many places huge masses of rock had been thrown dow'n 
from these stwp bluffs into the road, compkitely blocking it up. On the .south side of the 
creek the slojjes were not favorable to landslips, but theni were 8(;veral of them; and at 
one point, about a mile from the summit of the ridge where this road enters the Page Mill 
road, one slide carrit*d away the entire roadlwd for a distance of alx)ut 3(X) feet. 

(H. P. Gage.) — Following th(! Page Mill road westward from Black Mountain toward 
Langley Hill, a 1,000 gallon tank was undisturbed, but 3 liv(M)aks n(!ar by w(*re uprooted, 
one of them being a large tree with a 12-foot base. Tlwise tnxjs were in a rather dry soil, 
yet none of a grove of tret's growing in moi.“t soil was overturned. Farther we.st up the 
road which loo{)s toward Langley Hill, a big crack running east and we.st, cau.sod by a 
slide, showed a drop of 8 inches on th(; north side ; and frf)m here on down to the Al])ine 
road the road was badly cut up with slidtts, but was not impassable. On the steep grade 
of Langley Hill a slide had moved 30 f{!(;t. At the ranch houses there was little damage 
done by the shaking save sometimes a fallen chimney or a few broken dishes. At one 
ranch the people reported that cows were much frightened during the shock. 

(F. Lane.) — Along the ridge road southwest of Stevens Creek, separating Santa Clara 
and Santa Cruz Counties, there were some cracks due to landslides. Sandstone blocks, 
some of them 6 feet in diameter, had rolled down the hills toward the creek. People at 
the houses along this road stated that the shaking had been severe, with loss of a few 
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chimneys but very little destruction otherinse. No evidence of cracks could be found 
upon the side road. At a house situated at the junction of four roads about 3 miles west 
of Congress Springs, no damage was reported, tho the inhabitants were up at the begin- 
ning of the shake and say that it was accompanied by considerable rumbling and that the 
shocks which followed were preceded by a sound like a blast.* 

King’s Mountain down Pwrixima Creek (S. Taber). — At King’s Mounttun House, brick 
chimneys were knocked down and some dishes were broken, but no damage was done to 
the house. Cream was spilt from the milk pans on the southwest side. On the Cahill 
Ridge road leading northwest from King’s along the crest of the ridge, little damage was 
noticeable. An old wotKlshed was thrown down (at 21, map No. 22), and about a mile 
farther on the top was broken from a lai^ge redwood tree about 75 or 100 feet from the 
ground (at 22, map No. 22). 

Following the trail from King’s Mountain House down Purisima Creek, a large slide on 
the northeast side of the creek had filled the road to a width of almut 100 feet (at 23, 
map No. 22). The buildings at Hatch’s Mill, just below (24, map No. 22) were not dam- 
aged, but a little farther down several cracks were found, one 8 inches wide and running 
8. 23° £. On tlu; northeast side of the creek, just below Borden’s Mill, a big slide had 
dammed the creek to a depth of 25 or 30 feet (at 25, map No. 22). The slide was between 
0.25 and 0.5 mile long. The buildings at the mill showed no damage, but a bridge just 
atx)ve the mill wa.s crusht by a slide from the south side of the creek. 

Bear Creek (H. P. Gage). — Between Redwood City and Wootlside, all of the public 
water-tanks were thrown down or had to be rebuilt. On the Bear Creek road, southwest 
of Woodside, there were many cracks caustd by landslips down steep banks. The tops 
of 2 partly decayed trees, one a redwood and the other a spruce, had been broken off 
where tho diameter was 2 feet. Near where the first trail branches to the right from 
this road, an old oven built of clay and stone, 4 feet high, was cracked, and an old bam 
was badly damaged. At the point where the road itself becomes a trail there is a log 
cabin, probably used as a summer camp. This cabin was locked and had apparently 
remained undisturbed since the earthquake. The floor is about 6 feet above the level of 
the ground. Table, benches, chairs, and all the bottles and utensils, except a coffee pot, 
were overturned. The table was solidly built and measured 4 by 8 feet. About a mile 
east of this cabin, at the end of another trail, was a 1-story frame house ; a bed on the 
first floor was moved by the shock 8 feet to the middle of the nx>ni, tables and chairs 
were displactHl, and dish(») were broken. A house and dairy between this place and the 
road wen; move<i on their foundations, and water was spilt out of pails from northeast to 
southwest. Tops of spruce tretw were broken by the shock. Four miles farther south- 
west, along the trail toward the San Gregorio road, people reported tliat all the stoves 
on the first floor of their houses were overturned during the earthquake, with the ex- 
ception of a kitchen rangt; which was twisted around 6 inches. Their dishes were also 
broken. Just south of the junction of this trail with the San Gregorio road, a 2-6tory 
house had IxHm shifted on its underpinning and some plaster was broken. A water- 
tank 20 h'ct high fell at this point. 

Half Moon Bay, Purisima and San Gregorio (S. Taber). — Following the road along 
Pilarcitos Crcek toward Half Moon Bay, many cracks and slides were found on the ocean 
side of the ridge, but few on the east «dc. All of these seemed due to slipping of the earth. 
At one place there had been such a hu^ slide that big blocks of sandstone had fallen 
down into the road. Here and there along the road big cracks had opened, parallel with 
the road and the crock where the slope is very steep, and promising to make the road 
impassable by landslides, should a heavy nun come. 

‘ Mr. Lane adds : “ While I was there, however, we had a slight shock and I noticed neither blast 
nor noise.” 
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Just north of the bridge over Pilarcitos Credc, north of the town of Half Moon Bay, an 
adobe house west of the road was thrown down by the earthquake, killing 3 people (at 30, 
map No. 22). The concrete bridge was badly cracked, as were the approaches at both 
ends. Just south of the bridge, several small cracks in the low ground west of the road 
permitted water to spout up, bringing sand with it. In the town of Half Moon Bay 
many buildings were badly damaged, some old frame houses and the brick bank build- 
ing being flat, while the upi)er half of a 2-story brick structure was demolished. The 
Mosconi Hotel, a 2-story frame building, had plaster shaken from the side walls of the 
first floor only, while the ceilings of these rooms were not cracked. 

In Half Moon Bay it was reported that there was no evidence of any change of level 
along the coast. The streams on the west side of the mountains were said to have 
doubled in volume. The road along the coast from Half Moon Bay to San Gregorio 
showed comparatively few traces of the carth(]uakc. The concrete bridge over Canada 
Verde (at 31, map No. 22) was slightly cracked, and 0.5 mile farther south a water-tank 
lay fiat across the road. 

At Purisima the chimneys were all down, and crockery was broken. The intensity 
of the shock was apparently less at Purisima than at Half Moon Bay. According to 
various reports, a crack east of the road below Purisima, due to a landslip, extended for 
about 1,000 feet nearly north and south; and an earthslide on the side of a hill a mile or 
more farther south was about 100 yards long and 80 feet across. 

At San Gregorio very little damage was done. The hotel lost only a little plaster and 
a few dishes. Turning eastward on the road along San Gregorio Creek, traces were 
found of increasing intensity. A mile from the town of San Gregorio, a water-tank 20 
feet high was still standing, while a couple of miles farther cast the creek was dammed up 
to a depth of 6 feet by a slide from its southeast Imnk (at 32, map No. 22), and all chim- 
neys were down. Miss L. E. Bell reports that near Bcllvillc a small alkali flat was raised 
about 3 feet. There was a landslide into the road for a distance of 300 feet, the height 
of the slide being 100 feet (34, map No. 22). Chimneys and tanks all thru the valley 
were thrown down. 

(G. A. Waring.) — Of the 2 stores at San Gregorio, the one in the bottom-land suffered 
most, nearly all the shelf goods being thrown down. Cracks from 12 to 18 inches wide 
appeared in the cultivated bottom-land, and a water-tank was shifted on its platform 8 
inches northward. In the Lobitos saloon a slot machine was hurled to the floor, and 
nearly all the bottles on a shelf running cast and west were thrown off. Small cracks 
appeared in the ground at Lobitos, and a small slide occurred in the road 0.25 mile up the 
stream. 

La Honda (H. P. Gage). — The inhabitants say that after the shock the creek rose 
about 4 inches and became muddy. At the hotel, plaster fell from first floor walls; the 
rest were little damaged. The plaster had already been cracked, however, by raising the 
house. Lamps were all shaken off the tabkis, and all the chimneys were down. Water 
spilt from the horse-trough in a northeast-southwest dhection. 

Near the Weeks ranch house, between La Honda and the summit of the ridge on the 
road leading to Redwood, an inconspicuous crack was noticed running cast. It was 
about 2 inches wide, with no vertical movement evident. The north side of the crack, 
however, had moved fully 3 feet eastward. The crack simply marks a big slide which 
has been slipping for years, and which descended 3 feet during the earthquake. The 
Weeks house, a stron^y-built frame structure, 2| stories high, was badly damaged. A 
lafge outside chimney fell thru the roof to the first floor, and the plaster was fairly stript 
from the lower rooms and somewhat cracked upstairs. The sliding doors downstairs 
were shaken off their tracks, several windows were broken, the front door was cracked, 
and many of the door jambs were broken. The heavily built bam near the house was 
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badly strained. The water in the reservoir was spilt from northeast to southwest. 
In an old house near the summit the stove was not moved at all, but the chimney built 
40 years ago fell. 

(S. Taber.) — For some distance on the west side of the summit sandstone blocks had 
been cracked off and scattered across the road. From the summit of the ridge to the 
Portola Valley, the only effects noted were the wreck of a ramshackle old bam and a 
3-inch crack across the road (at 36, map No. 22), prolmbly due to settling. 

Congress Springs to Boulder Creek (B. Bryan). — From Congress Springs, following the 
road that passes along the valley, about a mile cast of the Castle Rock Ridge, in a south- 
easterly direction towanl the res(!rvoir of the San Jose Water Company, evidences were 
found that the earthquake had an intensity of over IX. The walls of a stone barn had 
been thrown down, l,(X)0-gallon wine-tanks in a cellar had been shifted, and people in 
the houses were thrown down while trying to get outdoors at the time of the shock. In 
a house close by, at the south end of the dam, the first floor plaster fell. Poorly built 
foundations fell. Southeast of the reservoir the chimneys and water-tanks were down. 
Two water-tanks at and near the bend of the road (at 37, map No. 22), were standing, 
but 0.5 mile northwest of this place a water-tank had fallen. The water in the reservoir 
(at 38, map No. 22) had overflowed the 3-foot banks, but the water-tanks were standing. 
A short distance down the road, to the northeast of the reservoir, another tank was 
standing. A house 0.75 mile cast of this reservoir was badly shaken, with loss of plaster 
and chimney. In the section a mile east of the fault-line (at 39, map No. 22) the shock 
was weaker. All the chimneys on cottages were standing as far as could be seen, as well 
as all the water-tanks. The bridges 0.5 mile southeast of the reservoir were considerably 
shaken. Cracks seemingly continuous in the direction of the fault-line ran thru the area 
0.75 mile east of the fault-line. Two-story frame houses along the fault line 1 mile south- 
east of the rosoiwoir mentioned were so damaged within that people were living outdoors; 
yet the shake had not broken a 6-inch flag pole on a 2-story frame house. A large 
redwood tree liad been shaken down (near 40, map No. 22) ; the house near it had its 
chimney fractured down to the fireplace, and the stove and piano were thrown across the 
rt)om. The water-pipes here were badly displact'd and broken. The intensity was 
greatly diminished, however, near 41, map No. 22; chimneys did not fall, tho fractured; 
clocks were stopt; little rock was thrown down from a vertical outside wall 15 feet high. 

On Deer Creek a large landslide started from near Grizzly Rock and slid westward, but 
changed its direction 60° or more farther down toward the creek. The mill in the creek 
bottom below the slide was partly buried, and one man was killed. It is 500 feet from 
the mill in the gulch to the top, at the point where the slide started. The slide covered 
about 25 acres of ground, and (lostroyed a lot of virgin timber from 3 to 10 feet in diam- 
eter. The slide material, which is 300 feet deep, is composed of soil, clay, and shale. 

The shock could not have been very strong at 42, map No. 22. The houses stand on 
posts 10 to 15 feet high, but were not moved noticeably. Furniture facing most nearly 
north and south was thrown down, but not when facing in other directions. The inhabit- 
ants were badly frightened and ran outdoors without waiting to dress. On Bear Creek 
(at 43, map No. 22) a smaller slide had moved a few hundred feet, buried a hut, and 
killed one man. According to reports of men in this region, only a minute elapsed after 
the beginning of the earth<|uake before the slide was over. Down in the valley no cracks 
or other evidence of violent disturbance could be seen. 

Farther southwest down Bear Creek, about 1.5 miles from the village of Boulder Creek, 
were evidences of a less severe shock. A chimney on a 1-story house did not fall, tho 
the furniture in the house was thrown down. Trees were violently shaken. A mile 
northeast of Boulder Creek a cliimney on a 2-Btory house was down, but no buildings 
were moved or broken. 
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In the town of Boulder Greek, all chimneys were down except those on some 1-story 
cottages; these were cracked, however. People generally ran out-of-doors, but were not 
as a rule very badly frightened; some even stayed inside until they had drest. Water- 
pipes were not broken, but some plaster bad fallen, and plaster was cracked everywhere. 

Mr. Bloom, owner of a sawmill at the edge of the Big Basin, reports that the shock was 
less severe in the Big Ba^ region than at Boulder Greek; that there were no landslides 
on the road between the two places ; and that, tho he had been nearly to the summit on 
the day of the earthquake, he had seen only one crack where the earth had started to slide. 

(R. GoUom.) — At Boulder Greek, on the east side of the stream, a small hill of about 
150 feet elevation rises rather abruptly. Its sides are thickly covered with small trees 
and brush. Near the top, a huge portion of the surface soil had been shaken loose, and 
bad slid to the level of the creek, carrying trees with it. 

At Ben Ix)mond no fissures nor other such evidences of tho earthquake were to be seen. 
Inquiry showed this condition to continue in the country about the town. Broken 
chimneys were the only evidence. The inhabitants of Ben Lomond re|)ort several slight 
shocks during the night of April 21-22, 1906. 

(B. Bryan.) — Going north from the village of Boulder Greek along the San Lorenzo 
River, only small wooden houses were seen, all with chimneys standing. There were 
few evidences of the force of the shock, except fallen redwood trees. Three dead red- 
woods had been snapt off from 30 to 50 feet above the ground ; and farther on two more 
were noticed, one having broken and the other having been uprooted. A man who was 
at the sawmill, 8 miles north of Boulder Creek, at the time of the earthquake, stated that 
a few trees were tom up by the roots. Gordwood had been thrown down in several in- 
stances along here. A small landslide had moved across the road (at 44, map No. 22), 
which 20 men spent one and a half days clearing away. In the gulch the tops of a 
number of redwood trees had been broken off from 50 to 100 feet from the ground, the 
diameters at the point of fracture measuring from 10 to 14 inches. Up the road to the 
summit of Gastle Rock Ridge no slides nor cracks were observed. 

On Boulder Greek, coming southeast down the China Grade, the shock was strong, but 
apparently not so severe as along the San Lorenzo River. The people were badly fright- 
ened by the shaking, however. One man reported that no redwood trees fell and that 
only a few dead limbs were broken off. Near the junction of the first road leading from 
Boulder Creek into the Big Basin, an old landslide which covered about 2 or 3 acre.s, 
dating back to the previous winter, had been widened by the shock and its direction had 
changed. Only a couple of hundr^ yards farther down the road, some stacks of smooth 
split redwood logs (cordwood size) had not been shaken down. 

A small earthslide had started (at 45, map No. 22), and a crack, pcrliaps due to the 
same slide, was noticed. For the next mile or so southeast, there was a considerable 
amount of cordwood along the road, none of which was disarranged by the shock ; and 
no trees nor dead limbs had fallen. In the houses between this place (45, map No. 22) 
and the sawmill (at 46, map No. 22), the evidences of damage were more serious. At 
this first place visited no damage was done; people were awakened but did not get up; 
no trees nor limbs had fallen. At the next place, 1 mile southeast, people ran from the 
house during the shake mid attempted to remove a sick man. Small objects were thrown 
down and a pendulum clock was stopt. At the house just southeast of the mill, the inside 
furniture was overturned, the stove moved, and the tenarcotta chimney split and fell ; 
while branches were broken from redwood trees near the house. At the mill the same 
effects were noted, and others as well; tops of live trees, from 6 to 8 inches in diameter 
at the fracture, were broken off. From the point (46, map No. 22) down to the road 
leading to Bloom’s Mill, 1 mile south of the pdnt (45, map No. 22), the intensity 
seemed to have been less. A water-tank be«de the road was quite unhurb; houses were 
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not badly shaken ; and only small objects — cooking utensils, etc. — were thrown down. 
At an old mill 2 miles southwest, however, a dock had been thrown upon the floor and 
broken at 5^ ll" a.m. Half of the piled lumber had been disarranged, and the water- 
tank, built on a frame 15 feet high, was shaken so that it fell the next Monday night. 

Ben Lomond Mountain to the Coast (B. Bryan). — At the junction of the Ben Lomond 
Mountain road (47, map No. 22), the house was empty, but there was no noticeable ^ 
turbancc in the sheds or neighboring trees, tho a few hundred yards south a few dead 
limbs had been recently broken from the redwoods and one or two dead trees had fallen. 
Some other trees were so loosened at their roots that they have fallen since the earthquake. 
At the Ben Lomond Wine Company, a place 2 miles southeast of the junction of the roads 
(at 47, map No. 22), a well-built cotta^ had 2 tall chimneys still standing. People did 
not leave the house during the earthquake. Ijeaving the Boulder Creek road, and cross- 
ing Ben Lomond Mountiun by the Ea^e Rock road, the damage appears to consist largely 
of fallen chimneys. Small objects, such as fruit jars, china, etc., were thrown down, but 
only from shelves against north and south walls. People left their houses, but were not 
much alarmed. 

No evidences of a violent shaking were to be found on the trail following southwest 
down Big Creek, either in trees or buildings, except where a snaall, half-decayed shack had 
been thrown out of plumb and a set of shelves overturned in another cabin. A table near 
these shelves was rmmuvtxl, and the bottles on top of it were standing. At the dam on 
Big Creek (at 48, map No. 22), no harm had been done, nor was any damage visible in 
3 old shacks just below the dam. A half mile from this point cracks caused by slides 
were noticed on a very steep bank. Slight damage was done to the flume (at 49, map 
No. 22), which 3 men n'paired in half a day. A few objects were thrown down in dwellings 
hereabouts. Near the junction of Scott and Big Creeks, a light terra-cotta chimney did 
not fall, but milk was spilt from pans at this place. 

(H. W. Bell.) — At a house 1 mile southeast of the junction of the east and west forks 
of Waddell’s Creek, a brick chimney was thrown down. Near a deserted mill at the north- 
end of Ben Lomond Mountain, a small landslide had carried trees and brush down to the 
creek, and tall trees had fallen along the road. At a new mill a short distance from the 
old one, about a mile northwest of Eagle Bock, it was reported that the shock was dis- 
tinctly felt, but no damage was done. Dishes even stayed on the shelves. A steep bank 
beside the road showed small cracks, which could apparently have been easily made in the 
loose soil. 

(G. A. Waring.) — At Swanton it was reported that a distinct noise, as of a team cross- 
ing a bridge to the northwest, had been heard preceding each shock. Dishes on a shelf 
running northeast and southwest were thrown off, while those on a shelf standing at 
right angles to these were unhurt. 

(B. Bryan.) — At the school-house (50, map No. 22) the globes were overturned by 
the shock. The teacher said that she had heard from the people at the end of the trail 
just above, leading northwest toward Swanton, that the shaldng had overturned only 
a few glasses, and that their pendulum clock did not even stop. At the next place, 
0.5 mile southeast of the school-house, no damage was done, and the inhabitants were 
not disturbed enough to run outdoors. In the little settlement at M Jarro Point, the 
shock was so light that a small chimney with a terra-cotta top, mRlring a height of 7 
feet above the roof, did not fall; nor were similar terrarcotta chimneys on 2-story 
buildings thrown down, tho projecting from 3 to 4 feet. Glasses and bottles remained 
on the shelves in a bar-room. 

At the lime-kilns (51, map No. 22) the shock had apparently been more severe, for 
tho no cracks were found in the kilns themselves, people ran from houses, small objects 
were thrown to the floor, and piles of cordwood were overturned. 
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(G. A. Waring.) — At the San Vicente lime-quarry, the intensity was found to have 
been considerably higher in the bottom of the canyon. A cow in the yard could not 
keep her feet, men could not walk to the door of the cook-house, and milk and water 
were nearly all thrown from the pans and kettles. Little or no damage was done to 
the buildings or furnaces, and cordwood on the steep slopes was not thrown down. 

At Coast there was little sign of destruction by the earthquake, and nothing could 
be learned. At Bonnie Doon, tho the shock was appreciable, no clocks were reported 
stopt and nothing was thrown from shelves. 

(B. Bryan.) — On the road thru Bonnie Doon the shock was uniformly light; chimneys 
were unharmed, plaster was intact, clocks did not stop, and even the milk had not spilt 
from the pans. People did not run outdoors. A top-heavy and rickety pigeon-house 
did not fail over, tho shaken considerably. 

Down Laguna Creek to Coast, and up the trail east of Coja Cre(;k to the asphalt beds, 
similar effects were noted. Near the latter spot, however, the shock appeared to have 
been somewhat stronger; small objects had fallen, milk spilt, and even one chimney 
was thrown down, while people were frightened enough to get out of the buildings. 

From the asphalt beds as far east as the point 52, map No. 22, the observer found 
no one to question; but the shake had been so moderate as to leave no visible signs 
except where some cordwood had broken its end-stakes and ndlcd down at the ends. 
At the houses just south of this point, chimneys and plaster of 2-story structures 
were not damaged; only lamp-chimneys and such articles fell and broke. It was re- 
ported that at one house in the valley fruit-cans hail been thrown from shelves. 

(R. Collom.) — At the Wilder dairy, on the Santa Cruz-Pcscadcro road, 2 miles west 
of Santa Cruz near Medcr Creek, the damage done by the shock was in the form of broken 
chimneys and cracked plaster in the houses. On the road 0.5 mile west of the dairy, 
the force of the shock broke an 8-inch water main. 

A general examination of the country along the coast, as opened up by the Pescadero 
stage road, shows the damage in these parts to Ixt confined mostly to broken chimneys 
and cracked plaster in the houses. Only in the case of buildings with very poor founda- 
tions was any of the superstructure destroyed. 

(G. A. Waring.) — At Wilder’s dairy it was said that the shock seemed to come south- 
ward down the gulch, preceded by a rumbling from the same direction. Other places 
on the terrace-land near the shore west of Santa Cruz were not so badly shaken. 

Santa Cruz (B. Bryan). — Entering the city of Santa Cruz from the west, the first 
chimneys down were only about 0.5 mile from the San Lorenzo River, increasing in 
number as one came into the town; yet many of the better-built chimneys, even on 
2-story and 3-story buildings, were not thrown down. In the eastern part of Santa 
Cruz, some chimneys on both 1-story and 2-story houses fell, and some stood. In some 
cases plaster was cracked, but in no case where enquiry was made had much fallen. 
Some small objects fell in every instance. 

(R. Collom.) — The shock was strong, but no lives were lost. The court-house roofs 
and towers were wrecked, many brick chimneys were down, and communication with 
other towns was entirely cut off by the breaking of telephone and telegraph wires. Many 
buildings had their walls shaken down. 

At the north end of the bridge crossing the San Ix)renzo River, at Third Street, there 
were 4 fissures running practically parallel and almost due east and west. These fissures 
are about 700 yards in length, and vary in width from 2 to 8 inches. They run thru an 
apple orchard and are in sandy soil, the softness of the land near the river-bed being 
apparently responsible for their presence. The river at this place runs about east. 

In going thru the town of Santa Cruz in the direction of Boulder Creek, a fissure at 
the intersection of Bulkhead and River Streets was noticed. This fissure was about 
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1.5 inches wide and ran east and west. The 90-foot brick smoke-stack of the San Lo- 
renzo tannery, which is about 18 feet in diameter at the base, was unharmed by the shock. 
It is said that as far as was observed, there was no change in the appearance of the sea- 
level at Santa Cruz; nor was there any damage done by the sea, nor any unusually large 
waves at the time of the shock. 

At the Southern Pacific bridge, crossing the San Lorenzo River, there is a network 
of fissures varying from 2 to 15 inches in width, running thru the sandy soil. The direc- 
tion of the main fissures is east and west, and they are on the south side of the river, 
which is nearest the bay. The ground has settled about 10 inches from the abutments 
and piers of the bridge. The depth of the fissures was indeterminable, as they had 
filled with sand. At Santa Cruz the inhabitants reported that near Olive Springs, 12 
miles north of Santa Cruz, a landslide demolished Loma Prieta Mill and killed 9 men. 

(G. A. Waring.) — The city of Santa Cruz furnishes excellent evidence of the effect 
of soil formation on the intensity of the earthquake shock. On the high ground in 
Garfield Park, and also in the northwest part of the city, only about one-fomth of the 
chimneys fell and a little plastering was cracked; while in the lower ground near the 
business section several brick and stone buildings were partly shaken down. The San 
Lorenzo River was churned into foam, the banks cracking and settling several inches; 
and sand, said to have come from a depth of 100 feet, was forced up in several places. 
The bed of the river is also said to have sunk several inches, and the current to be slower 
than before. A 6-inch water-main, running cast and west across the river at the covered 
bridge, was broken at each end of the bridge and moved 5.5 inches eastward. A man 
out of doors, facing south, was thrown east, then in the opposite direction. A eucalyp- 
tus grove south of him swayed violently east and west. 

Along the beach the shock seems to have been less severe. The running engines of 
the power-plant at the Casino were unaffected. Things were thrown mostly from the 
west wall in a curio store on the beach. The wharfinger says he heard a rumble before 
the shock, coming from the southeastward; and saw the seismic wave traveling shore- 
ward, causing a great rattling and crashing when it struck the town. Two distinct periods 
of vibration were felt, the latter being the harder. There was very little surf, the water 
looking like that in a tub when jarred. A safe in the wharf office rolled 3 feet eastward 
against the counter, then back again hard against the wall. The wharf, extending 
southeast, seemed to pitch lengthwise. Mr. W. R. Springer, jeweler, reports that out 
of 25 clocks repaired by him, which had been injured by the shock, 20 had their pen- 
dulums thrown off. 

At the Santa Cruz light-house, a noise as of a wagon crossing a bridge preceded 
every quake. The motion seemed vertical as well as horizontal, for the glass globe over 
the lamp was jarred out and broken. In the curio-store at Vue de I’Elau, nothing on 
the lower floor was disturbed and only a few vases and pieces of bric-k-brac on the second 
floor were displaced. The shock seemed to come from the south. No effect on the surf 
was noticed. 

(R. Collom.) — Going north from Santa Cruz, a small fissure ran northwest and south- 
east on the Boulder Creek road, about 0.75 mile northwest of the California Powder 
Works. Along the lower end of this road were several small and unimportant land- 
slides. In general, the shock in this region does not seem to have been as severe as it 
was farther north. 

Road into Scott Valley (B. Bryan). — Following the road from Santa Cruz into Scott 
Valley, at a summer hotel the chimneys were cracked all the way down, but were still 
standing; light objects on the first floor were moved, and bureaus on the second floor 
slid a foot or so. A 1-slory frame house (at 53, map No. 22) was moved 4 feet or 
more, and a piano and other heavy objects were shoved across the room. The damage 
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to the house was so serious that it was being tom down at the time of observation. A 
4,000-gallon tank (at 54, map No. 22) was moved and burst open, letting out 2,000 gal- 
lons of water. At the house nearest it, the chimneys were cracked, but nothing inside 
had been disturbed except some bottles, and no phuter was cracked. Houses in Scott 
Valley had about this same amoimt of damage; chimneys were sometimes cracked but 
were still standing, and plaster did not fall. 

Miss Finette Locke, of Scott Valley, reports that a man was thrown to the ground by 
the shock, and when he arose could not walk because of the earth’s motion. The vibrsr 
tion was northeast-southwest. Everybody was awakened; all clocks were stopt; plas- 
tering was extensively cracked; and all chimneys were broken. Alwut a mile north 
some chimneys fell, and in one house 4 dozen jars of fruit were thrown from shelves. 
Landslides and cracks arc reported between Scott Valley and Felton, and the dam across 
a small lake was cracked. A statuette and a vase fell to the northeast. The largest 
chimney moved 2 inches to the northeast. The entire width of the road to the south- 
west of the small lake was splasht with water thrown out of the lake. lx)ng billows 
on the lake extended northwest and southeast. In an 8-foot trough orientat(;d east and 
west water was caused to sway back and forth, but not parallel to the sides of the trough. 
A neighbor who was awake heard a roaring noise in the northeast. Much milk and 
cream was thrown out of pans. 

Going from Scott Valley toward the town of Felton, the shock appeared to grow con- 
stantly lighter; some people did not even get out of bed. 

Fefton. — In this village the shock was apparently lighter than at either Boulder CrtHjk 
or Ben Ix)mond. At Zayante, some cordwood and some finer split wood, piled 8 feet 
high, was not shaken down, tho some of it was said to liavc been disturbed. 

(R. Collom.) — The shock was only moderately strong. The damage consisted of 
the destruction of brick chimneys. Earthquake effects at this point are shown only 
by the damage to artificial structures. 

Pescadero to Butano Creek (H. W. Bell). — In the town of Pescadero the shock was 
heavy; all but 3 brick chinmeys fell, and but few buildings were otluirwLse damaged. 
Plastering was knocked from the walls in most of the housc^s, and church bells were 
rung. All the water-tanks observed were still standing, and none of the churches had 
lost their steeples, tho one church was cracked open. Cracks were visible in the streets. 
One man walking eastward along the road near Pescadero was thrown flat on his chest 
by the first shock, but jumped up and braced himself in this direction, and was then 
thrown southward. Cracks in the road also appeared, and dust spurted up. Several 
people were nauseated by the motion and some said that a noise as of a wind preceded 
the shock. 

Going eastward from Pescadero, a small crack 30 feet long, with an east and west 
strike, was observed. In an orchard near by there were several cracks, the widest one 
measuring 8 inches, with a vertical displacement of 1 foot. About 2 miles cast of the 
town, on the north bank of Pescadero Cnxik, a landslide in the shape of a half-moon, 
its axis lying N. 23® W., had slipt down toward the bed of the stream. The greatest 
vertical displacement at the top of the slide was 15 feet; the distance from its apex to 
the road about 85 feet ; and the span from end to end along the road about 220 feet. No 
solid rock was exposed by the slide. The road had dropt 6 feet at the south end, ami 
8 feet at the north. Only a few cracks appeared on the surface of the part which had 
slipt. The creek lying directly below the road had apparently received very little soil 
from the landslide. 

Along the stretch of road between this slide and the town of Pescadero, there were 
few cracks in the road and the houses were in good condition. The only brick chimney 
seen was down. The intenrity was apparently the same as in the village, and continued 
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the same along the road leading southeast toward Butano Creek. A 1-inch crack at 
the first fork of the road a mile from the town of Fescadero extended north and south 
for about 50 feet, and a farm house a mile farther down the road was nearly shaken off 
its foundations. Dishes fell from the shelves in this house, and water oozed out of level 
ground near by. 

(G. A. Waring.) — On Butano Creek there were slight cracks in the road,and the streams 
were muddy. People said the shock was felt very distinctly, and dishes generally fell. 
The houses were all light, low buildings, and wore not damaged. At a sawmill a mile 
cast up this creek, there was no damage; and altho th^ banks beside the road showed 
traces of caving, there were only slight cracks, the longest one being in the middle of 
the road above the creek, running N. 07° E. for a distance of about 50 feet. 

Along the main road from Butano Creek to liittle Butano Creek, then across by trail 
to Pigeon Point, the same effects were noticed. Near a house on the level creek bed 
of Little Butano Creek, 4 cracks averaging 3 inches in width and about 20 feet in length 
ran N. 33° E. The only crack noticed along the trail toward the coast was 1 mile north- 
we.st of the place where Little Butano Creek turns from southwest to northwest, and 
was about the same length, but ran N. 3° W. 

Pomponio Creek road (F. Lane). — On the Pomponio Creek road, chimneys were 
shaken but not destroyed. A big slide above the last house forced the observer to leave 
the road and take the trail, which rejoins the road a half mile farther on. 

Four miles from the town of Pescadcro, on the east side of a bridge over Pcscadero 
0(!ek, the ground had sunk 2 inches and the aperture filled by the land sliding. 
A mile nearer the town, the road had dropt 5 feet, but had been filled by a big slide. A 
house at this point was quite intact, but the chicken-house near it was carried down and 
partly buried by the landslide. On Eues Creek, near its junction with Pcscadcro Creek, 
a hillside had started to slide and apparently needed only to become rain-soaked to con- 
tinue the slipping. Wherever there were buildings in this region, no damage had been 
done except to chimneys, which had fallen. 

The Coad from Pigeon Point to Ano Nuevo Bay (II. W. Bell). — At Pigeon Point the 
brick light-house, 125 feet high, showed a slight crack all the way around inside, about 
40 feet from the ground. This crack did not look dangcirous. Another crack 20 feet 
higher up dated from December 17, 1904, the keeper explained. The base of the pedestal 
holding the lens was slightly cracked, but the lens was intact. In the houses near the 
light-house the damage was slight; brick chimneys had not fallen, tho slightly cracked, 
and the same was true of plastering. A mile west of the light-house a few slight cracks, 
with a direction of N. 28° W., were observed. 

Leaving the coast road at the fork halfway between Pigeon Point and Franklin Point, 
and going northeast along Gazos Creek, then southerly to the crossing of Whitehouse 
Creek, then back again to the ocean road near I'Yanklin Point, few traces of the shock were 
noticeable. A small landslip, 0.25 mile up the east side of tlic short creek which flows 
into Gazos, just west of the fork of the roatl which continues northwestward to Little 
Butano Creek, showed a 2-foot vertical displacement at the top, and the land had shoved 
into the road below. This slide measured 150 feet from its top to the road, and its width 
at the road wiis 100 feet. 

Along this route from Gazos to Whito.housc Creek, 0.125 mile from Whitehouse Creek, 
at several farm hous(!S brick chimneys were down, houses slightly moved on their foun- 
dations, dishes broken, and plastering cracked. A half mile northeast of the mouth of 
Whitehouse Creek the same kind of disturbance was found. The intensity was apparently 
uniform with that at Pescadcro. At the Cascade ranch, 0.25 mile northwest of Green- 
oaks Crock, the shock was even stronger than on Whitehouse Creek. Cows were thrown 
off their feet, chimneys were down, the house cracked, and nearly all plastering fell off. 
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(H. W. Bell.) — It was reported here that along the Ocean Shore construction work near 
Bolsa Point, a concrete pipe 24 inches in diameter and 6 inches thick, embedded in day, 
had been cracked by the shock. The keeper of the Ano Nuevo light-house says a distinct 
rumbling preceded the shock, which came at first rather gently, followed by a hard, con- 
fusing shake. A brick chimney in the house near by was cracked and twisted 0.75 inch 
out of place, but the new tile and concrete building was unhurt. The oecan became no 
rougher, but had a peciiliar greenish hue for several days after the shock. At Pigeon 
Point the shock was less severe, and little damage was done to the buildings, altho 
cracks in the light-house, caused by a former quake, were opened somewhat wider. 

Following the road from the Cascade Banch across toward Ano Nuevo Bay, the in- 
tensity seems to have decreased. At a house 0.75 mile southeast of where the coast road 
crosses Greenoaks Creek, a few dishes fell; plastering was but slightly cracked, and a 
water-tank stood. Half a mile north of the mouth of Ano Nuevo Creek, the brick chim- 
ney was knocked from a house, plaster was cracked, and cattle were caused to stagger. 
Half a mile southeast of where the main road crosses Finney Creek, a ledge of shale had 
l)ecn knocked into the gulch. The largest piece which fell had an unbroken surface of 
about 4 square feet. The almost horizontal edgess of shale ImhIs near a house at this point 
were knocked down. A long, narrow landslide alx)V(; a house 0.75 mile northeast of the 
mouth of Waddell Creek had landed against the end of the house, taking out a strip of 
earth Ixdow a spring and causing a good supply of water to issue forth. This slide 
appeared to be partly due to the large amount of water present. At the house the chim- 
ney was cracked, but dishes did not fall from their placiis. 

Turning north by a trail opposite Greyhound Rock, evidcfnces of about the same inten- 
sity were found. Dead trees had fallen here and there, but in no uniform direction. 

LOS GATOS TO SAN JUAN. 

Los Gatos, Santa Clara County (I. H. Snyder). — Los Gatos, population 1,900, is partly 
on a mountain slope and foot-hills, and partly on river deposit. It is surrounded by 
hills on three sides. Los Gatos Creek runs thru the eimter of the town from south to 
north. The earthquake shock was violent, but apparently not so severe as in the central 
portion of the valley. Nearly all business houses were damaged, and about one-third 
of the plate glass fronts were broken. Much plaster fell both in Los Gatos and in the 
surrounding country. Chimneys fell in many different directions, and nearly half of the 
damaged chimneys left standing were twisted. About 80 per cent of all the chimneys 
were destroyed or damaged. Brick fronts were nearly all cracked, and one fell out. 
There were about a dozen upheavals of sidewalks, mostly on north and south streets. 
Grocers and druggists lost quite heavily in breakable goods. 

The direction of the shock seemed to l)e in general north and south, altho there were 
certainly setvere vibrations from nearly all points of the compass, while some persons are 
certain that there was a vertical motion, esjwcially near the beginning. After the shock 
was over, our chandelier was still swinging violently north and south ; a near neighbor’s 
lamp swung in the same way; another hanging lamp 0.5 mile west swung northeast and 
southwest. East and west shelving in stores suffered rather the mast, tho a store in 
East Ix>s Gatos, with shelves north and south, suffered fully as much as any. 

Of the 3 pianos seen in Los Gatos that were moved, 2 went to the south about 3 feet 
and one moved east the same distance. A small seismograph made several years ago 
was in working order, but there was no record, the needle having been thrown off by the 
extreme movement. 

Mr. Lund, of Los Gatos, was one of the few people outside when the shock came. 
He is positive the premonitory roar came from the south and traveled to the north. 
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Mr. Dan Pickering, living about a mile south of Santa Clara, on the Santa Clara and Los 
Gatos road, was standing outside his bam when he heard the sound, which he compares 
to a stampede of cattle coming from the southeast. His tank and wind-mill fell diagonally 
across the foundation to the northwest, after swaying heavily tlu'ec times; first to the 
northwest, then to the southeast, and finally to the northwest. Ho states that the 
ground rose and fell in waves a foot high. Others report that the orchards seemed to 
be agitated by a wave-like motion. 

On the ranch of Dr. Tevis, about a mile from Alma Station, where the land is rolling 
and wooded, the ground was fi.ssured and the bottom of an artificial lake was upheaved. 
(Plate 139c, d.) The cracks and fissures, of which there are many, run mostly north and 
south, and vary in length up to 100 feet, and in width from 0.5 inch or less to 20 inches. 
While a good many of the openings were parallel to the slopes and were caused by the 
ground starting to slide, others crost the roads and could be traced some distance up 
the banks. A board fence was splintered where it crost a fissure. The upheaval of the 
lake was caused by a closing tog(!ther of the sides, shown by the heaving up of parts of 
the retaining dam at the lower end of the lake. The rise of the bottom is roughly 10 feet. 

Three of the large cemeteries of the Santa Clara Valley were visited. In the Los Gatos 
Cemetery, on the New Almadeii road, no monuments were thrown. In the Protestant 
Cemetery, 0.75 mile southwest of Santa Clara, 31 monuments were thrown down and 
mostly broken. Of these 10 fell to the south. In the Catholic C-iTOetcry, 0.25 mile nearer 
Santa Clara, 20 monuments fell, of which 10 fell to the south. The direction of the fall 
of monuments in these two cemeteries is here tabulated: 



N. 

NK. 

E. 

SE. 

S. 

sw. 

w. 

NW. 

Total 

Protestant . . 

3 


7» 

1 

10 

1 

5 

4 

31 

(/atholic . . . 

5 

1 

6 

2 

10 

1 

1 


26 


‘ Of these, 4 hill from pedestals which leaned to the east. 

In the Catholic Cemetery three monuments were turned on their bases, two clockwise 
and one countcr-clockwis(!. 

The Santa Clara city water-tower, with large tanks on top, fell to the southwest. 

(F. II. McCullogh.) — 1 was in l)ed in Los Gatos and was awakened by the shock, which 
s(;(!med to l)c a violent but irregular shaking back and forth in a northeast-southwest 
direction, altho objects were overturned in an easterly or southeasterly direction. A 
double bed on a polished floor rolled 4 feet from its position. One heavy marble clock 
was thrown off its shelf. Ornaments and bric-irbrac were thrown down. Two tables 
were turned upside down. Plastering was cracked. Chimneys were crackwl alwve roof, 
but not thrown. In the town I could hear of only one chimney which was uninjured; 
90 per cent of all chimneys were thrown down. Water in a reservoir 30 feet in diameter 
and 10 feet deep was thrown out so as to lower the level of the water nearly 2 feet. 

Lezington (H. R. Johnson). — At the Lexington saloon, 3 miles south of Los Gatos, 
very little damage was don<?. 

At the Averill place, 1.5 miles west of Wright’s Station, a water-tank was moved a foot 
toward the south. A piece of board several feet long, which was leaning against the 
tank-house before the shock, was said to have been found wedged betweim the bottom 
of the tank-house and the foundation. This would ncces.sitate a lifting of the tank-house 
in a vertical direction on that side, which might have been accomplished by the tank- 
house rocking from side to side. 

Summit Hold (H. R. Johnson). — At Summit, a summer resort, the new hotel and 
several small cottages were all thrown toward the north. The main fault fracture is 
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about 500 feet northeast of the hotel, and a secondary crack dose to it had a downthrow 
of from 5 to 7 feet on the north or downhill side. The crack was about 4 feet wide here, 
and the line of fracture was parallel with the direction of the ridge. The Summit school- 
house was dropt 4 foot downhill from its original position toward the northeast. In the 
vicinity of Summit several redwood trees were snapt off. 

Just north of Wright’s Station, on the west bank of Los Gatos Creek, there was a land- 
slide 0.5 mile wide which had slid into the creek and dammed it. ' The top of this slide 
was near the Summit school-house and was close to the main fault-line. The Hotel de 
Redwood was destroyed by the shock. 

Wrighl Slaiion (Miss F. C. Becclier). — Miss Beecher’s home is on Loma Prieta Avenue, 
on the county line, 1.5 miles in an air-line from Wright’s Station. The house stands on a 
ridge at an elevation of 1,700 feet. There were 2 maxima in the shuck, of about equal 
intensity. The movement in the first was from south-southwest to north-northeast. 
All light objects were thrown down. Furniture against south walls was thrown down 
or moved out; objects against other walls were not moved as much. A small square 
piano which stood a few inches from a northeast wall ran back against the wall to the 
north with sufficient violence to break a knob off one leg. It then moved back to its 
original position, then 5 inches west. Then the two legs to the north jumped 6 inches 
south. These movements were determined by the marks upon the floor. A wash-basin, 
and a pitcher full of water, in an upstairs room, were thrown south, and the basin was 
found with the pitcher standing in it, uninjured but empty. A table in the middle of 
the same room fell to the north. A piano in a neighboring house, a heavy upright, was 
moved across the room to the northeast. 

All brick chimneys on the ridge fell, mo.stly to the north. Trees at the foot of the ridge 
were bent over to the north-northeast. Half a mile to the northwest of the house, a 
fi.ssure 2 feet wide appeared, from which bad-smelling gas emanated. The fissure runs 
from north to south, and the earth was piled up on the west side from 2 to 4 feet high 
across the road. On Highland, a mile to the west, a fissure 5 feet wide was opened at an 
altitude of 2,500 feet. A building standing close to a fissure was entirely uninjured, while 
others a little farther off were wrecked and one collapsed. Most good buildings in a belt 
0.5 mile west of the house were wrecked, while barns and shaky buildings stood. Aliout 
1.5 miles west, a house split open. Gulches appear to have been contracted, as the bridges 
crossing them show that they were squeezed. The biinks of Burrell Creek appear to have 
approached each other, so that the crccik has Ixicome very much narrowed. Water-pipes 
were broken and twisted, and filled with dirt. Water was thrown out of tanks, but the 
tanks were not overthrown. 

During the shock the waves appeared to oscillate in a north and south direction at 
first. There wore at least 20 shocks during the first 26 hours after the main shock. 

Burrell School (H. II. Johnson). — Near the Burrell school-house, 1.5 miles southeast 
of Wright Station, a crack extends across the road by a blacksmith shop and shows a 
downthrow of 4 feet on the northeast. The blacksmith said there was a strong odor of 
sulfur for 5 or 10 minutes after the shock. A well near by has had sulfur in the water for 
a number of years. 

Morrell Ranch (H. R. Johnson). — The Morrell ranch is located 1 mile south of Wright’s 
Station and Is on the line of the fault. The house itself was built exactly upon a fissure, 
which opened up under the house at the time of the earthquake. The house was com- 
pletely wrecked, being tom in two pieces and thrown from its foundation. (Plate 107 b.) 
There was an apparent downthrow upon the northeast side of the fault, as seen in the 
orchard; but under the house the vertical movement was not so apparent. An c.spe- 
ciaJly strongly constructed wine cellar built into the side hill had the upper portion thrown 
3 feet northeast, directly away from the fault-line. After the shock this upper portion 
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of the house was left resting upon the wine tuns, and not upon its original upright sup- 
ports (fig. 66). The fence and road near the house were crost by the fault and showed an 
offset which indicated a relative movement of the southwest side toward the southeast 
(plate 64 b). One fence was broken apart, but the other was merely bowed, due probably 
to the resistance and drag of soil occasioned by a well-packed roadbed. The fruit-tree 
rows which crost the fault-line at approximate right angles were put out of alincmeut. 



Fi«. Wi. — Section thru winery at Morrell ranch before and after the shm'k. 


A feature associated with the movement of soil along the fault-line is shown in the 
accompanying sketch, fig. 57. The “splintering” of the main fracture raised a long, low 
ridge across which a creek had been forced to cut its way thru a vertical distance of 1.5 
feet to get down to its original level. 

Between Wright’s and Alma the railway track was buckled. (See plate 107a.) 

(D. S. Jordan.)— At Morrell’s ranch, about 4 miles above Wright’s, a large 2-story 
house with a wing stood on the slope of a hill. The east side of the house was much 
higher above the ground than the 
west, and stood on wooden piers about 
7 feet high. The earthquake crack 
past thru this ranch, a branch of it 
going under the house. The main 
body of the house was thrown to the 
east, away from the crack, the ground 
there slumping several feet and the 
house being almost totally wrecked. 

All thru the orchard the rows of tmis 
are shifted about 0 feet, those on the 
east side being farther north, and the 
east side, which is downhill, seems to 
have fallen. The crack is largely opcm 
and in one place is filled with water. 

This should be attributed to slumping. 

A little farther on, the crack pa.ssi's 
thru a grassy hill on which there is no 
slumping. The Morrells say that this 
hill has been raised. Wliat appears to 
be the fact is that the east side of the 
hill overrides the other. The whole top of the hill is more or less cracked for a width of 
about 10 feet. The east side is a little higher than the west side, and it looks as tho the 
hill had been shoved together and raised, the east side overriding. About 1 mile beyond 
Morrell’s house, at the end of the ranch, there is a blacksmith shop, and the road is crost 
by the crack. Here there is a break of 3 or 4 feet like a waterfall, the east side being 
the lower; but this is part, I take it, of the general slumping of the cast side of the crack 



Fig. r»7. — Displacement on auxiliary crack, Morrell ranch. 
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where it stands near the ravine above Wright. MorrelPs place is right over the Wright 
tunnel, the tunned and the rocks near by being of finely broken rock and very much subject 
to slides and other bn^aks. At Freely’s place, 4 or 5 miles north of MorreH's, some 15 
acr(\s of woodland have slid into Los (Jatos Creek, making a large pond. There arc many 
other slidcis in the neighborhood and many broken trees. Farther on, the crack goes into 
Hinkley^s Gulch, in which the Loma Pricta Mills arc situated, and which ani buried under 
the slides. The slidcis which obliterated Fern Gulch at Skyland do not seem to have come 
from the crack, but s(uun to lie to the west of the crack. 

About four miles south of Wright Station (Mr. L. E. Davidson). — I was camping in the 
Santa Cruz Mountains. My attention was first arrested by a slight rundding noise ; then 
the house treinblcHl for 4 or 5 seconds, and this was followed by a heavy rolling motion 
almost cast and west. A heavy trembling came again for several seconds, then the heavy 
shock that threw down the chimneys. Tables and evem chairs were ui)sct. This must 
have lasted about 4 seconds ; it then gradually died away. The whole time must have 
b(K'n all of half a minute. During the day several slight shocks were felt; about 2‘' 
and 2’‘ 30"' v, m., two rather heavy shocks came. 

The ridge on which we camped was full of cracks, ranging up to 2 and 3 feet in width, 
and in length from a few rods to 0.25 mile, all trending west of north to northwest. 
All chimneys on this ridge were thrown down ; several houses were completely wrecked ; 
branches were brokem from the trees, while many of the tn^es broke in two and others 
were uprooted. The canyon south of us was fille<l with landslides. In this canyon the 
stratification of the rocks is plainly shown. The strike is northwest-southeast and the 
dip is almost vertical. The cracks coincide in direcition with the strike of the strata. 
Cold water was flowing from some of the cracks. I obtained a small bottle of crude 
oil from Mr. Sutton, which he said was dipt up from the ground on his neighbor's 
ranch, several hundrcMl gallons of oil having run out of the ground since the eartlKpiake, 
whore tluire had b(^en no sign of oil bc^fore. 

Skylandy Santa Cruz County (T. Wightman). — Mr. Wightman's bed traveled across 
the room to the south, and he was under the impr(\ssion that the house was falling to the 
south. Some houses in IIkj neighborhood fell completely, and some collapsed on tluiir 
foundations. Tlu^ two chimiK'ys of his house were thrown, one coming through the 
roof. Some i)iclur(*s hanging on east walls wTre turiK^d with tluur fac(\s to th(» wall. 
Large landslides occurred in the neighborhood. 

Soyuel, Santa Cruz County (Miss M. E. Iiak(*i*). — TI k^ house is on the first high 
Ix'nch abov(^ the stream in Soquel Valley, with high hills to the north and the* (‘ast. 
At the first movcMiient of the eartlKpiake, eliimneys wen^ thrown to tlu* rfouth ; at the 
S(‘cond, mant('l ornaments, books in tlu* library, fruit jars in the pantrj% etc., w('re thrown 
toward tin* north. Souk? houses in i\w vicinity hatl chimneys and objects partly turiu'd 
around. TIktc W(*r(' two maxima in th(‘ shock, th(‘ first being th(‘ strong<'r, and tlu^ 
dir(‘ction of moveiiK'nt was from north to south. In th(^ second part of th(^ shock th(^ 
movcMiient schemed to b(^ a twisting one. 

Chittenden (G. A. Waring). — At Chittenden Station evidence of a most viohmt dis- 
turbances was found. Tins cottage of the fore^man was moved 5 inchc'S w(‘stward; an 
upright piano was thrown northwestward upon its back, and electric drop-lights swung 
so as to br(»ak against the ceiling. A large frame dairy building on unelerpinning was 
moved 3 fec^t northward, as was a smaller building. The oil in a lai*g(5 tank was 
thrown southeastward, badly bemding the tank and smashing the protecting sIumI. 
(See fig. 58.) The railroad office was not moved from its foundations, but th(^ porch 
roof was jerked nearly off and a l,0(K)-pound safe was thrown soutln^astward upon its 
ba(;k. Three freight cars on the sidcvtrack, loaded with beans, W(Te tipt over to the 
northeastward. At the time of the shock a north-bound freight train was running at 
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about 30 miles an hour, a short distance south of the bridge over the Pajaro. About 
10 cars in the middle of the train were thrown off on both sides of the track. The 
track at the southern end of the Pajaro bridge sank from 2 to 4 feet fur a distance of 
150 yards, and between Chittenden and the bridge the track was b<mt in an S-shaped 
curve in several places. The concrete piers of the bridge were cracked, and the granite 
cappings shifted as before noticed. (Sec plate 65 b and fig. 43.) Tlicre is much sulfur, 
oil, gas, and water in the hills here. A marked increase was not(‘d in the flow of oil 
and water, ami more gas and sulfur became associated with thc'in. It is said that since 
the earthquake 16 years ago small shocks have been felt each spring, often .severe enough 
to crack chimneys, and a deep well becomes muddy 2 or 3 days before these occur. 



Kiel. TiK. — of 1miMin;;.s iit Cliitti'iidni.'’ 


Fifty-two distinct shocks were f(*lt during the day of April 18, and 32 that night. 
From 1 to 4 shocks wcmc' f(‘lt ('V(*ry day then^aftcr up to May IG, and from 2 to 5 
occurnHl every night. Two miles north of San Juan, Mr. Canfield’s house, at the foot 
of the hills 0.5 iniht east of the fault, was moved bodily 2 inches w(‘st ward, and tin*, 
chimneys were completely thrown <lown; but a house 150 yards W(‘st of ilu^ fault, altho 
considerably shaki'ii, appt*ars to show the shock to have been less severe on that sid('. 

San Jiuin ((J. A. Waring). — The town largely escajied by vii'tue of being on solid 
ground. A larg(^ iniuT wall at tlu* San Juan Mission f(Jl, but it was no doubt weak, as 
other parts of the building appear unhurt. Only one or two chimneys in this villager 
f(»Il, but in the bottom-land b('tw(‘en San Juan and IIoUist(‘r the condition of the houses 
indicates a heavier shock on the low ground. 

SANTA CLARA VALLEY. 

Information regarding the distribution of intensity in Santa Clara Valley has been 
contributcnl by a mimb('r of observers whose names are given with the paragraphs deal- 
ing with the resp(u*.tive localities n'ported upon by them. 

Newark (F. K. Matthc's). — Ntwly all brick and tih^ chimneys in the village wx're 
broken off; the direction of throw varied. Plaster cracked and fell in quantities on 
the lower floors of hotels and several other buildings. Therci are no brich houses in the 
town ; and most of the frame dwellings showed no (‘flfects of th(‘ shock. At the depot the 
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water-tank fell, the supporting trestle being practically demolished. The track suffered 
a slight shifting in several places north of the village. Cracks opened in the ground m 
the vicinity of 2 small watercourses, but on a less extensive scale than that noted at 
Alvarado. Some of them crost the railroad track. In every case they emitted the 
same bluish sand (with the water) that had been found near the Alameda Sugar Mill. 
In one place, 1.5 miles northeast of the village, considerable water was still loft standing 
in shallow ponds. According to neighboring ranchmen, these ponds had not existed 
prior to the earthquake. 

CenterviUe (F. E. Matthes). — The amoimt of destruction here seems greater than in 
the neighboring towns, but this is in large measure due to the presence of a number of 
poorly constructed brick houses. All of these had suffered severely, the walls being in 
part thrown down. The bank building was more seriously damaged than most build- 
ings, the walls being partly demolished and the roof having caved in. With very few 
exceptions all the brick and tile chimneys were broken off. Window panes broke in 
several stores. No cracks in the ground were found or reported. The direction of the 
shock was not agreed upon by the residents; according to some it was north-south, 
according to others east-west. 

Mission San Jose (S. Ehrman). — Nearly all chimneys were thrown down, and plaster 
in houses cracked; the direction of the throw of chimneys and objects being chiefly 
from north to south. Some objects were rotated clockwise, and hanging objects were 
caused to swing. 

Irvington (F. E. Matthes). — Destruction similar in degree to that at Centerville. 
Every brick house was more or less extensively damaged ; portions of walls fell in some 
instances, and cracks in brickwork were common to all. Tlie large brick and stone 
buildings of the Palmdale Winery suffered more severely than any, and large portions 
of them will have to be rebuilt entirely. Only a few chimneys were left standing in the 
village. Plaster cracked and fell m large flakes in several houses. The upper stories 
apparently suffered less than the lower floors. 

Milpitas (F. E. Matthes). — Nearly all chimneys were here thrown down, a few, 
including a very short one on the depot, being left intact. There arc no brick buildings 
in the village and the destruction seems insignificant. The hotel slipt on its founda- 
tions, but was almost repaired at the time of the visit. A small adobe house in the 
southern part of the village was fairly demolished; it was known to be an old and W'eak 
structure. A water-tank and wind-mill were thrown down, support and all, about a mile 
south of town. Hicy fell to the south. Another tank, north of town, appears to have 
fallen to the west. Several other tanks in this neighborhood were found intact. Of 
the two bridges over Coyote Creek, the northern one suffered some damage by displace- 
ment of end supports. It was unsafe to travel over at the time of the visit. The south- 
ern bridge was found intact, the end supports showing signs of but small movement. 

Agnews (F. E. Matthes). — The insane asylum, consisting of three tall and three minor 
brick buildings and some small frame structures, suffered very severely. Every one of 
the brick structures was damaged beyond repair and will have to be entirely rebuilt. 
The main buildings were long, 3-story brick structures oriented north and south, 
with large projecting bay windows at their north and south ends. These were destroyed, 
so that both buildings are open at their ends. The fall of these walls caused the caving 
in of the roof, and the sag^ng down in some places of the floors. Numerous lives were 
lost; in all 112 dead being found in the ruins. The administration building was partly 
wrecked by the fall of its tower, which crashed thru the roof and all the floors, carrying 
with it a number of people. In nearly all cases the north and south facing walls were 
thrown out, while the east and west facing walls were, as a rule, better preserved. The 
shock seems to have been north-south principally, judging from these data. 
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The tall brick chimney of the engine house (100 feet high) broke off 20 feet above the 
grotmd and fell in a northeasterly direction, without touching any other structure. 
Frequently window-panes remained unbroken in the lower parts of walls whose upper 
parts had been completely demolished. (See plate 108a, b.) 

The extent of the destruction is in some measure due to the use of weak mortar, the 
bricks having, as a rule, fallen separately rather than in aggregates. It is believed that 
well-built buildings would not have suffered such wholesale destruction as was witnessed 
here. 

Alviso to Milpitas (G. F. Zoffman). — Evidences of. the earthquake at Alviso are 
shown only by fallen chimneys and cornices and by cracked walls of the brick ware- 
houses. No buildings were demolished and little serious damage of any kind was to be 
noted. From 1,500 to 2,000 feet west of the bridge over Coyote Creek, cracks cross the 
road in front of the Boot ranch-house, and several of them occur in the road leading to 
that house. (Plate 140b.) Some of these cracks are about 6 inches wide and have 
a general bearing of N. 43° W. Immediately after the earthquake, water flowed from 
some of them and brought up sand, which was heapt up about 6 inches high. The water 
ceased to flow after the second day. 

Near the dwelling house on the Boot place, the ground settled 11 inches on the cast 
side of the crack. The fissures past under the corner of the dwelling house and the 
building was partly thrown from its foundation. The cellar beneath it was filled with 
water to a depth of from 2 to 3 feet. There is a capped artesian well in the yard of this 
house, and about this well is a pool of water 12 feet across. The west side of the pool 
was lifted 1 foot higher than the cast side, and fish were thrown out of the pool. A 
hundred feet east the fissures past under the barn, and the ground settled on the west side. 
Water flowed from cracks in the yard and piled up sand 6 inches high on both sides. 

People living near Coyote Creek state that the water rose between 2 and 3 feet im- 
mediately after the earthquake ; and up to April 26 the water in this stream had not 
returned to its normal level. At the bridge over Coyote Creek, on the Alviso-Milpitas 
road, the concrete abutments were tlirust inward toward each other about 3 feet. A 
pile driven in the middle of the stream, which had been cut off below the water-level, 
was lifted about 2 feet and now rises above the w’ater. 

About 150 feet north of this bridge the banks of the stream cracked, the fissures 
running parallel with the channel and the land on the creek side sliding toward the 
stream. (Plate 140a.) West of the stream, in an adjoining field, w’ater rising thru 
cracks built up many craterlcts of sand. (Plate 143a.) Residents of the vicinity state 
that the water rose 3 or 4 inches above the tops of these craterlets while they were 
being formed, and that it ceased to flow toward the end of the second day after the 
earthquake. 

In the road running northward along the west side of Coyote Creek from the bridge, 
many large cracks opened. Five hundred feet north of the bridge the cracks were 2.6 
feet wide and 3 feet deep when the place was visited April 26. Farther north the cracks 
were very abundant, mostly parallel with the road, and some were 4 feet deep and 3 feet 
wide. A quarter of a mile north of the bridge, the whole road was shoved ea^ward into 
the channel of the creek, and with it a large number of willows and cottonwood trees 
that grew along the banks. Just south of this place the road was broken up badly for 
a distance of 300 feet. One of the largest cracks in the road was 5 feet wide, 6 feet 
deep, and more than 100 feet in length. The bearing of the fissures at this place was 
N. 23° W. For the most part the principal features were approximately parallel with 
Coyote Creek. 

At Mrs. North Whitcomb’s ranch, on the south side of the Alviso-Milpitas road, be- 
tween Coyote Creek and Milpitas, the prune orchard was cracked and the ground shifted 
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at several places. The ranch-house, of concrete with a wooden upper story, was cracked 
across the northwest comer and settled slightly on the northwest side. In the back 
yard were fissures 1 foot wide, running about N. 13" W., with a downthrow of 1 foot on 
the east side. Some of the prune trees in the orchard arc 2 feet out of alinement, and 
some as much as G feet. The lateral displacement here shows a relative movement of 
the south side toward the east. Considerable sand was brought up by water flowing 
from the cracks in tliis orchard. 

In the town of Milpitas all the chimneys were thrown down, as well as 3 frame build- 
ings. The hotel fell from its underpinning and sank boilily about 3 feet. The streets 
near it were not disturbed. 

Warm Sjrrings (G. F. Zoffman). — The Warm Springs Hotel, a large 2-story build- 
ing, was but slightly damaged, only a little plaster falling. No buildings were damaged, 
beyond the falling of two chimneys. 

Milpitas-San Jose Road (G. F. Zoffman). — About 0.5 mile south of Milpitas, on the 
Milpitas-San Jose road, cracks were formed across the road. They did not, however, 
appear to have any definite direction, and were so small that no lateral movement was 
discernible. At the County Alms House, about 1 mile south of Milpitas, two chimneys 
were thrown down and considerable plaster fell. On the north siile of the bridge which 
crosses Coyote River, on the San Josc-Milpitas road, some; cracks were found but they 
wore evidently caused by the sliding of the banks. The bridge was not damaged. 

The damage in the section of country lying b(5twccm Milpitas and San Jose was nearly 
uniform. About 90 per cent of the chimneys were thrown down and in all houses that 
were plastered considerable plaster fell. Articles in the houses were thrown over, and 
much water and milk was spilt, altho it does not apiKsar to have been in any partic- 
ular direction. Cracks like those which wcire olwerved in the ground on the MUpitas- 
Alviso road reappeared on both sides of the Coyote River at intervals all the way to 
San Jose. Altho they occur in a general north-south dircHstion, it seems probable that 
their origin was due to the unstable condition of the alluvial deposits which underlie 
the valley. 

Alum Rock Road (G. F. Zoffman). — Starting from San Jo.se and going toward- Alum 
Rock, it was observed that the shock had decreased from an intensity of IX at San Jo.se 
to an intensity of VI at Alum Rock. No cracks were found between Coyote Creek and 
the mountains, but in the valley at least 90 per cent of the chiiniKiys were thrown. At 
the mouth of the Alum Rock canyon, a count of the fallen chimm'ys revealed the fact 
that the pcircentage had dropt to 50. At Alum Roerk no chimnc'ys were damag<'d nor 
had any movable objects been overturncil, altho the water in sulfur baths hatl spla.«ht 
up about a foot on both sides. 

Calaveras Valley to Everyre-en and vicinity (G. F. Zoffman). — Going from Milpitas 
toward the Calaveras Valley, chimneys were all thrown down on the flat lantls iMJtween 
the village and the foot of the grade leading over t he; ridge to Calaveras Valley. 

In Calaveras Valley all the brick chimneys were thrown down, tho there were only 
a few in this valley. No damage to hoases is reported. Mr. Iladsell, in charge of the 
property of the Spring Valley WaUir Company, which has begun to construct a dam 
at the north end of tlu! valley, states that tlierc was no shifting of the strata in the tun- 
nels, and that no damage had been done the property. 

Between this place and the head of Alum Rock Canyon, the residents stated that 
erswks appearcjd across the road in sevciral places; but altho this was in the proximity 
of the Calaveras Valley fault-line, which passes tliru this region, it was not possible to 
verify their staUsnents. Mr. Robert Ingle.son, who lives in section 22, on the ridge 
east of Calaveras Valley, reports that the shock was not severe there. A long slender 
bottle standing on a table in his hou.se fell over, but a lamp on the table was not upset. 
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Water in a horse-trough spilt out, and the trees waved as if there had been a wind. 
The earthquake consisted of two separate shocks, accompanied by a roarmg sound that 
seemed to come from the north. Springs near his house became muddy after the shock 
and remained so for 2 or 3 days. The flow of the springs increased to about four times 
the usual amount. 

Along the road down Penetencia Creek, a considerable amount of debris had slid into 
the road, in many places obstructing all travel except for pedestrians; but no evidence 
of cracks could be found. 

In the region between Alum Rock and Kvergreen, abqut 50 per cent of the chimneys 
were thrown down, but none of the buildings were materially damaged. 

As the Santa Clara Valley was once more approachetl, the intensity of the shock per- 
ceptibly increased. At Kvergreen, about 1.5 miles from the foot-hills, considerable dam- 
age was done ; all tlu; chimneys, all the road tanks, and nearly all of the wind-mills in 
the neighborhood fell. None of the houses were dcmolisheil, but some were shifted on 
their foundations. 

(H. R. Johnson.) — The Pierce ranch-house, 3 miles southeast of Evergreen, was 
badly shaken ; plaster and chimneys were down and much chinawarc was broken. This 
house is on the gravel of the large alluvial cones which have been built out along the 
southwest face of the Monument Peak Range, where the stream debouches upon 
the plain. A water-tank fell northeast and southwest where the Tully road crosses 
the Coyote River 1.5 miles northeast of Oak Hill Cemetery. 

At the Mayne ranch, 3 miles south of Oak Hill Cemetery, where the New Almadon 
Railrojul cro.sses the Downer road, water from tanks and troughs was spilt in a north- 
west and southeast direction. To the west of the Mayne ranch, at the Downer ranch, 
a water-tank fell to the west. Mr. Downer said that milk in pans was spilt in the 
same direction. 

At the Poncelet ranch-house, on Llagas Cnnjk, 7 miles southwest of Madronc Station, 
only one chimney fell and no dishes were broken and no clocks stopt. This place is 
only 3.5 miles northeast of the fault-line and is situated directly upon rocks of the Fran- 
ciscan series. 

The Saunders ranch is 3.5 miles .southw(*st of Madrono, on tlie Madrone road. The 
shock was quite heavy at this place; the chimneys were thrown down, dishes broken, 
and portions of what appciared to be (juite solid and massive rock outcrops were thrown 
from the steep hills near the house. South of the Saunders place, 1.5 miles, a water- 
tank was throw'll down. 

Sarita Clara (G, F. Zoffman). — Nearly all the brick ehimm^vs were throwrn down and 
most of the brick buildings were damagiid. At Santa Clara tlollege the rotary motion 
of objects was shown by the turnbig of statues in the chapel thru an angle of 130°. In 
the library of the same institution four marble statues, with square ba.ses, fell in three 
different directions; one facing S. 87° W,, another facing N. 87° E., fell toward each 
other, w’hilc the others, facing, resjiectively, N. 3° W., S. 3° E., fell N. 3° W. Professor 
Ricanl, of the Science Department of the Colh^ge, states that the vertical movement threw 
a wind-gage out of a socket a foot deep. This was the only evidence at the College 
of vertical motion. 

CemetericH (G. F. Zoffman). — A count was made of the number of tombstones thrown 
down in the Santa Clara Cemetery and the various directions in which they fell were 
notetl. From these observations it seems that the shock was slightly more intense 
toward the easterly direction than toward the westerly. Twrenty-five headstones were 
down and their respt^ctivc directions of falling were, 3 N. 17° E. ; 1 N. 32° E. ; 1 N. 37° E.; 
2N.62°E.; 1N.77°E.; 1E.17°S.; 1S.58°E.; 6S.28°E.; 3S. 23°E.; 1S.3°E.; 
1 S. 37° W.; 1 S. 42° W.; 1 N. 88° W.; 1 N. 73° W.; and 1 N. 13° W. 
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At Oak Hill Cemetery the larger percentage of tombstones fell in an easterly direction. 
Out of 34 monuments overthrown, 21 fell toward the east or nearly so; 6 toward the 
west or nearly so; and 1 toward the north or nearly so; 3 fell northeast, one fell north- 
west, 1 fell southeast, and 1 fell southwest. Out of 6 round monuments that were noted, 
4 fell toward the cast, 1 northwest, and 1 north. Since these could fall in one direction 
as quickly as another, it is evident that the greatest movement of the quake must have 
been toward the east at this particular place. 

At the Catholic Cemetery, about halfway between San Jose and Alum Rock, only a 
few monuments were overturned ; they fell as follows : 2 north, 3 south, 1 northwest, 2 
east, 1 west, 1 southeast. 

San Jose (G. F. Zoffman). — The earthquake threw down many brick and stone 
buildings (plates 108c, d, 109a, 110», 111, 112, 113), and with the exception of 4 or 5, 
damaged all the rest of the brick buildings, more or less. (Plate 110a.) The damage 
done to frame houses was proportionately far less. Forty buildings were counted, 
however, that were thrown off their foundations and damaged to a greater or less extent. 
In many instances these buildings were completely demolished. (Plate 109b.) Nu- 
merous wind-mills and tanks capsized, while at least 95 per cent of the brick chinmeys 
thruout the town fell. Movable objects, such as pianos, were in most cases wheeled 
out into the room, but there did not appear to be any general direction in their displace- 
ment. Water and mud in many instances are reported as having spurted from the 
artesian wells, but in a few days they resumed their normal condition. Tlie plate-glass 
windows on the south side of First Street were cracked much more than those on the 
north side. This phenomenon was not noticeable on the other streets. 

Data were obtained of the directions in which the chimneys fell thruout the town. 
After the data were collected and tabulated as shown below, it became evident that 
chimneys usually fell with the slant of the roofs. 

In order to group the directions in which chimneys fell, the circle was divided into 8 sec- 
tors, of 45 degrees each, starting from the bearing of First Street, namely N. 30° W. 
The general directions of these sectors are : N. 15° E. ; S. 15° W. ; S. 75° E. ; N. 75° W. ; 
N. 60° E. ; N. 30° W. ; S. 30° E. ; and S. 60° W. Then the direction of the falling 
of a chimney was taken according to the sector toward which it fell. The streets in 
the main part of town run either parallel or at right angles to First Street. Since the 
bearing to First Street is N. 30° W., that of Santa Clara Street (at right angles to First) 
is N. 60° E. Generally the slant of the roofs of the houses that face these two streets 
will be N. 30° W., S. 30° E., N. 60° E., and S. 60° W., respectively. It was in these four 
general directions that the greatest number of chinmeys were thrown over. The eight 
general directions are as shown on the following table : 


Directions of throxc of chimneys. 



On streets rarallel or np- 
proximateJy parallel to 
Santa Clara Street, and 
percentages of total num- 
ber down on these street A 





Directions. 

On streets parallel or approx- 
imately parallel to First 
Street, and whose bearings 
are N. 30^ 39' 45" W. 

Total number of ehimneys 
countfHl in San Jos(» niui 
their diri*ctious of failing. 

whose bearing is N. GU' K. 






Out of 710 
rhimiieys. 

Percentage. 

Out of 2000 
ehinineys. 

Percentage. 

Out of ‘2710 
ehitiiiievH. 

Percentage. 

N. Lr E. . . 

52 

7.2 

222 

11.1 

274 

10.1 

S. 15" W. . . 


0.1 

181 

9.2 

227 

8.4 

S. 75" E. . . 

87 

12.2 

225 

11 2 

212 

11.5 

N. 7.5" W. . . 

69 

9.7 

2 48 

12.4 

217 

11.7 

N. 00" E. . . 

178 

25.1 

229 

11.9 

417 

15 4 

N. :«)’ W. . . 

OH 

8.2 

262 

18.1 

420 

15.5 

S. :«)’ E. . . 

82 

11.5 

248 

17.4 

420 

15.9 

CO" \V. . . 

14] 

19.8 

172 

8.6 

313 

11.5 
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(E. C. Jones.) — There was only one broken gas main in San Jose, caused by the high 
wall of the building falling over; the bricks penetrated thru the soft earth to the main 
and broke it. At the gas station, the brick retort house was very badly damaged. The 
north and south gable ends fell out. The brick work at all 4 comers loosened for about 
10 feet down to where the roof trusses are anchored in the walls. The superheater of 
one of the gas-making machines settled on the south side so that it was 2 inches out of 
plumb. The weight of this machine is about 78 tons. Some of the cast-iron connec- 
tions in the building were broken. 

The purifying house, also of brick, was totally destroyed; all the walls and the roof 
collapsed, carrying the machinery to the ground and destroying it. The relief gas- 
holder was full of gas at the time of the earthquake and was badly damaged. Two of 
the cast-iron colunms were broken off in several places; portions of the railing fell thru 
the crown of the gas-holder, permitting the gas to escape. The distributing holder 
was three-fourths full of gas at the time of the earthquake. ITie movement threw about 
12 inches of the water out of the holder tank. The carriages on the lower section were 
all broken, the.se being of cast-iron. The upper carriages, made of wrou^t iron, were 
strained but not broken. Con.sidcring the violence of the disturbance at this point, it 
is surprising that the mains did not suffer more than they did; but the breaking off of 
pipes in the buildings and the crushing of meters under falling houses necessitated shut- 
ting off the ga-s thruout the city for 24 hours. 

(W. S. Pro-sscr, C. E.) — Over the San Jose area, as a whole, the wreckage seems to 
have been thrown in all directions ; but in certain places some slight system appears. 
It seems clear that no statement as to direction, amount, or even duration of motion 
applies to more than a limited area. The only clear cases of rotary motion seen by me 
were two cases near my home, 2 miles northwest of the centerof town. One tank-house 
turned exactly halfway round, as well as upside down, and one chinmey turned about 
4 inches, both in the direction of the hands of a clock. Both rotary and vertical motions 
were felt by many, however. About 600 yards from me is a square brick fence-post 
7 feet high, of which 2 feet moved about 3 inches to the southeast (S. 44° E.) ; or rather, 
the bottom moved the reverse way. On Stevens Creek road, leading southwest from 
San Jose, 5 or 6 water-tanks on the roadside fell. One of these seemed thrown to the 
northeast, but others were twisted and scattered as tho by a mixture of all motions. In 
some places most of the buildings, perhaps, fell to the north or northwest. In China^ 
to^^'n (north of San Jose) it was the north and south brick walls that fell. In San Jose 
most of the clocks on east and west walls did not stop, but many of those on north and 
south walls did ; showing an cast and west motion. The brick 7-foot wall around the 
yard of N6tre Dame School in San Jose, on the northwest side, fell ; but that on the south 
did not, altho it was cracked. The streets in the central part of San Jose run N. 60° E. 

The amount of motion differs greatly. In many cases brick work seems to show a 
sharp blow of 2 inches; sometimes more. The insule east and west wall of the City 
Hall has a crack of 4 inches. The front of La Mott House (east and west) moved in 
some places 2 inches, in others 4 inches. The master clock in the Western Union Office 
(on the ground floor of a large brick building, and on the east and west wall) did not 
stop, but the pendulum struck both sides of its ca.se many times and with great violence, 
battering off the varnish. It is long (probably beats seconds) and had to move about 
4 inches more than usual in order to strike the case. 

About 5 miles south of San Jose there were said to be two tubs of water on the ground 
a few hundred yards apart. No. 1 had most of the water splasht out, but No. 2 ap- 
parently had lost none. No. 2 is nearer the hills, and bedrock is nearer the surface. 
The oil tank at the corner of Stockton and Polhemus Streets, 1 mile northwest of San 
Jose, splasht over. Many water-tanks did the same. 
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Several good observers out of doors are positive that the noise of the quake came from 
the southeast and died away toward San Francisco. In the afternoon of the 18th, my 
wife heard the noise of a shock and called out before we felt the shock itself. The noise 
seemed to come from the south or southeast. 

Many persons saw waves in the ground. Sifting out exaggerations, these appeared 
to be rather more than a foot in height. The best observer estimated the distance from 
crest to crest at 60 feet, others at much less ; but 1 think the waves must have been 
greater, for there is no evidence in long brick walls showing any such vertical cracks as 
would have been produced by short waves. 

Six miles southwest from San Jose, a good observer dcscrilxMl the waves as parallel 
with certain tree-rows which are northeast and southwest, and stated that the waves 
moved from him at right angles to the line and toward San Francisco. Six miles north- 
west from San Jose, a man looking south saw the waves (which he thinks were cast and 
west) coming toward him, and hence toward San Francisco. About the middle of 
the quake these were met by other waves, and the whole surface resembled hillocks, 
or cross-seas, while the tree-tops waved wildly. To the man southwest of San Jose, 
however, the tops of the trees were almost still, while the trunks waved sinuously. Near 
me is a piece of ground 10 by 30 feet, raised about 7 inches ; while about 150 feet south- 
east of this is an area about a yard square which dropt 6 inches. Possibly these repre- 
sent the crest and trough of an (;arth-wave. 

I estimate the duration, 1 think closely, at between 50 and 60 seconds. 

The wells of the vicinity seem to show slightly increased flow. One 80 to 100 feet 
deep has been a little roily since the (juakc, and one near San Jose was reported as having 
increased the day before the (|uake. 

(M. Connell.) — On the farm of Mr. Fox, 3 miles north of San Jose, the water pipe of 
an artesian well was broken oil 60 feet below the surface and carritnl by the heave of 
the land in a northwesterly direction 4 feet from its original position. 

County road south of San Jose (H. R. Johnson). — At Schutzen Park, 2 miles south- 
east of San Jose, the shock was felt quite severctly. The road house was badly shaken, 
but very little glassware was broken in the bar-room. A 12,000-gallon water-tank was 
shifted slightly on its foundations. At this place the flrst part of the shock was thought 
to be quite light and the second part heavy ; the general motion was said to be from east 
to west. At the 5-milc house, farther southeast on this same road, there was hardly any 
damage reported. Even plaster in houses did not fall. There was also little damage 
at the house 0.5 mile southeast of the 5-mile house. The chimney did not fall, but 
dishes and lamp-shades were broken. The movement was thought to be northwest- 
southeast in direction. 

It was stated by Mr. Russel, of Eden vale, that the shock was lighter there than at 
San Jose. A well-constructed brick building, which was built 3 years ago, had the 
roof loosened and the end walls were cracked. About 3.5 miles southeast of the 5-milc 
house at the Van Every ranch, a chimney fell, plaster on the first floor was badly 
cracked, and furniture slid around upon the floor. Water was spilt from a tank and 
a water-trough. 

Just northwest of the 12-mile house, where the coimty road crosses to the Fisher ranch, 
there were cracks from 2 to 6 inches wide in the coarse gravelly bottom of the Coyote 
River. There was evidence of water having been ejected from these cracks, as there were 
heaps of clean, fine material surrounding small orifices. It was said at the ranch-house 
that muddy water came out of these openings following the shock. Half a mile south- 
east of Fisher’s, a water-tank was down. 

Half a mile south of the 15-mile house, the Barnhart ranch-house, which was set upon 
wooden underpinning, was thrown from its foundation, so that it rested directly upon the 
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ground, 4 feet farther north than its proper place. An old bam and water-tank were 
uninjured at this same place. 

A quarter of a mile south of the 15-mile house, on the county road, a water-tank was 
thrown down. Going 3 miles northeast from the 15-mile house, Webber’s old ranch- 
house was visited. Here baled hay piled in a bam was shaken down and doors leaning 
against the house were thrown from their position. Water in both the creek (Coyote 
River) and a well was muddy after the shock. 

(H. R. Johnson). — Going northeast thru San Felipe Valley to Smith Creek Hotel, 
hardly any evidence was seen of damage from the shock. At Smith Creek Hotel no 
china nor plaster was broken, but two chimneys were thrown down. 

1/08 Gatos to Gilroy (G. A. Waring). — Near Meridian, 3 miles west of San Jose, several 
cottages were shifted from their foundations. All water-tanks on open frames fell, but 
those that were boarded in stood. The water became muddy in several wells. One 
lady reports seeing waves traveling southward along the driveway, and a man reports 
seeing a heavy wagon move 4 or 5 feet back and forth several times, along the driveway. 
The shock began violently and ended suddenly. The intensity diminished uniforaily 
from Meridian toward Campbell. At Campbell, G8 per cent (51 out of 89) of the chimneys 
fell, but the plastering in the houses was not badly injured. From Campbell toward Ix>8 
Gatos the intensity slightly increased. At Los Gatos 78 i)er cent (67 out of 86) of the 
ehimneys fell. At the distillery 4 miles west of Los Gatos considerable damage was done. 
The second floor was moved about 18 inches toward the northeast, causing the wall to 
bow out on the northeast side. Many of the large vats holding 2,000 gallons were shaken 
off their sup|)orts and several were brok(5n by the fall. The shock in Los Gatos, however, 
was not so sudden as to cause serious injury to brickwork or plastering. The business 
part of the town is built on 40 feet of gravel overlying shale. Only two stones in the 
Los Gatos Cemetery were shifted. 

At Alma the shock was of about the same intensity as at Los Gatos. MUk in pans 
was nearly all thrown to the north and south. The Morrell house (see plate 107b), 
near Wright Station, is directly over the fault and suffered more than any other place in 
the vicinity of Wright Station, tho at least 5 other buildings between Patchin and Sky- 
land were badly wrecked. Going from Los Gatos toward Edenvfde, the shock was some- 
what lighter than at Ijos Gatos, judging by the effect on chimneys, plastering, and mov- 
able objects; but at Edcnvalc it was a little stronger than at Ix)s Gatos, as shown by the 
damage done to the large brick canning factory. All the walls were badly cracked and 
th(! tops of the walls fell. The top of the firc-waU above the roof was shaken down. 

Continuing to the southwest thru Coyote, it was about the same as at Los Gatos, 
diminishing a little thru Madronc, Morgan Hill, and San Martin, where it had about the 
same intensity as at Los Gatos. Near Coyote a man reports having seen a northwest- 
southeast fence move in wave-like fashion, beginning at the southern end; and he heard 
a noise coming from the southeast and seeming to pass over him. Another man driving 
along the road near San Martin, heard a roar and his horse became frightened, before the 
shock came. Clouds of dust arose in the road and the creek near by was rendered muddy 
by the shock. At Morgan Hill alx)ut 64 per cent (18 out of 28) of the chimneys fell, 
and a 1 -story concrete-block building was badly damaged, the whole front having fallen 
out. A 2-story reenforced concrete-block building was not damaged. 

At Buckcr, 3 miles north of Gilroy, the shock seems to have been about the same. 
The school building was badly damaged, and several windows were broken by the twisting 
of the frames. At Gilroy nearly every chimney fell, fire-walls of brick buildings were 
thrown down (plate 114a, b), and shelf goods were largely shaken down. In the Masons 
and Odd Fellows Cemetery, out of 120 stones over 3 feet tall, 31 fell. A cylindrical shaft 
fell north, and a square one fell south, but all the rest fell east or west, tho the tall slabs 
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necessarily feU east or west because they faced east. Two marble shafts about 8 feet 
high were broken off halfway up, the lower part and base being unshifted. In the Cath- 
olic Cemetery 10 stones out of 67 fell. 

In the hills between Los Gatos and Gilroy the shock seems to have been somewhat less 
severe. At the New Almaden mines, the tops of 2 brick furnace chimneys, about 50 
feet tall, were broken off ; but the ftunaces were unharmed and the undeigroimd work- 
ings unaffected. About 70 per cent (16 out of 23) of the chimneys in the settlement here 
(Hacienda) were broken off. A loud noise like thunder is reported to have traveled north- 
ward down the canyon, distinctly preceding the shock. This has often been heard since, 
seemingly underfoot, even when no shock has been felt. 

Southward from New Almaden thru the hills the houses on alluvial land suffered notice- 
ably more than those on more solid ground. From Uvas westward to the summit, the 
intensity rapidly rose as the fault was approached. Two miles west of Uvas P.O., and 
half a mile east of the summit, an east-and-west stone wall, built of loose boulders, was 
thrown mostly northward; water was thrown from troughs toward the north; and all 
streams were muddy for 2 da}rs after the shock, while in wet places there was a noticeable 
settling of the ground. 

Southward from Now Almaden along the eastern side of the valley, the shock uniformly 
lessened in its intensity thru Old Gilroy and San Felipe to Hollister. At San Felipe a 
lai^;e stone cheese factory was not damaged, except for a few cracks. The lake 0.5 mile 
west of the village was considerably stirred up, and water from a full road tank was thrown 
60 feet across the road. A considerable rumble was heard all thru this region ; one per- 
son says it came from the southeast, traveling down the valley; another says it came from 
the southwest. 

Along the railroad track from Gilroy to Sargent, nearing the fault, the intensity rose 
considerably, but the motion was a slow, swinging one. Water was all thrown from 
reservoirs, and trees swayed violently; but plastering and shelf goods suffered little. 
At Sai^nt all loose objects were thrown about, but no buildings were shifted. 

(A. J. Champreux.) — About 90 per cent of the chimne 3 rs in Gilroy fell, the prevailing 
direction being east and west. No frame houses were thrown off their foundations. 
Brick walls were damaged at the top by the fall of 8 to 20 courses of brick. Most of the 
plastered houses suffered by the cracking of plaster. No cracks were found in roads or 
pavements. At the Cemetery, about 50 per cent of the monuments were overthrown. 
Of the fallen ones, 95 per cent were thrown in an east-west direction. All monuments 
overthrown had square bases. 

HOLLISTER TO PRIEST VALLEY. 

Hollister (G. A. Waring). — At Hollister (plate 114c, n) the chief damage was to the 
Grangers’ Union, the Rochdale store, the Catholic school, and the fire-house. The two 
stores were poorly built, however, with large rooms unsupported by partitions or columns, 
while their shelves were heavily laden with goods. The school was on tall underpinning, 
very slightly braced, which allowed the building to lurch northward and settle to the 
ground. Unsupported parts of the fire-house walls (2 bricks thick) fell outward, but the 
portion braced by posts and tie-rods was unhurt. Sixty-five out of 123 chimneys fell, 
or 53 per cent. Several locked doors were thrown open, in one case the bolt being broken. 
One old settler remembers when the business part of Hollister was a slough. An artesian 
belt also passes thru the town, which may have affected the intensity along its path. 

(A. J. Champreux.) — Practically all cliimneys fell, the prevailing direction being east- 
west. One frame house, “School of the Sacred Heart,” 2-story, was completely wrecked. 
The foundation gave way in the front part of the house, allowing the floor joists to drop. 
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This house was on the outskirts of town and on sandy soil. No other frame house was 
damaged. Two brick buildings, of poor construction, collapsed. The outer walls gave 
way, allowing the interior to drop. 

(James Davis.) — ^Two shocks were felt, of which the second was the stronger. There 
was an interval of 3 or 4 seconds of less motion l)etween thcise maxima. A rumble pre- 
ceded the shock by a second or so. In my house a piano and other heavy objects were 
moved on a jKdished floor so that the north ends moved 2 or 3 feet out into the room 
farther than the south emls. 1 was standing at the time of the hetaviest shock, and was 
thrown from side to side in a north and south direction. People here all agree as to the 
north and south direction of the movement. Most chimneys fell north, but some fell 
east and west. Pictures on <iast and west walls, hanging by single wirtw 4 to 6 feet long, 
swung from 3 to 8 f(!ct along the walls, leaving distinct scratches. Pictures similarly 
hung on nort^h and south walls simply pounded back and forth, leaving punctures in the 
plastering. Water-tanks seem to have fallen to the north always. Three brick buildings, 
each 2-story, 1 old and 2 new, went <lown flat, and 2 others were badly damaged. Wooden 
buildings in general were not damaged except thru the fall of chimneys. The Catholic 
convent, however, was injured. 

There were no change's in the ground at Hollister save some slight cracks in the vicinity; 
but a small peak near Hanta Ana showed a landslide down its steep face, plainly visible 
at a distance of 0 miles. A hug(; rock, rolling down a hill in Santa Ana Valley, crashed 
thru a house and killed a man. 

(J. N. Thomiwon.) — All brick buildings were destroyeil or badly damaged. There* were 
2 shocks, lasting in all about 50 seconds. The first ap]x*ared to Ik; north and south, and 
the last part of the seeumd shock apiM'ared to be a twisting motion or a cliange to an east 
and west motion. My chimneys fell first, and nearly to the south; then at the last 
motion my wind-mill and tank hdl to the west. The most damage was done at the close 
of th(! last vibration. A sidelward against a north wall was moved several inches to the 
south, and a clock on the same wall was thrown to the south. A bed against the west wall 
moved several inches to the ea.st. 

Frinn HoUUter to San Benito (G. A. Waring). — The effect of the shock upon alluvial 
soil is very noticeable. In the hills toward the Stayton Mines thc^hock was so feeble that 
it was not noticed by some people. Thru Brown’s, Los Muretos, and Quien Sabe Valleys 
it was generally only sufficient to throw the cream from pans of milk. 'The often repeated 
story of the man who was killed in Quien Sabe Valley, by a rolling boulder crushing his 
house, is not to be accepted as a measure of the intensity. Several loose rocks were 
shaken down in the neighborhood of Santa Ana peak, and springs increased their flow; 
ncv(*rtheleas the shock was very light. 

At Palmtag’s winery, in the hills southwest of Tres Pinos, the shock seems to have been 
more stiverc tlian elsewhere in the vicinity of that village. Furniture was moved, water 
was thrown from troughs, and an adobe building was badly cracked. One low brick 
winery was unharmed. A distinct rumble preceded the shock; 2 distinct periods were 
felt and the shock seemed very long. There is a small lake on the Palmtag place, and 
the ground seems ratlu*r marshy. Possibly this had some influence on the inteasity, tho 
there is reason to lx*lieve that the proj(fction of the fault passes thru the hills in the im- 
mediate vicinity. 

At Tres Pinos, out of 18 chimneys only one fell and it was unstable. Shelf goods were 
almost unaffected. There is hard rock (sandstone or shale) in place, however, at a 
depth of 2 to 4 feet, at Tres Pinos. 

Paicenes, tho south of Tn.® Pinos, was more violently shaken, for it stands on gravel. 
Milk and water were spilt somewhat, and a few tail bottles were thrown from the shelves. 
Water is said to have spouted up in the flat land along the river, 0.25 mile from the stream. 

U 
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Toward the Cicnaga lime-kilns the intensity lessened considerably. One man in the 
foot-hills 4 miles southwest of Paiccnes, reports seeing a wave coming westward thru a 
grainficld, and some oaks waving considerably; but he did not hear nor feel any shock. 
Four miles southwest of Paiccnes, a hanging lamp swung strongly east and west, and milk 
was spilt from the pans. At the kilns, in a granitic region, tho a distinct noise is said 
to have preceded the shake, only one slight shock was felt, and that was not sufficient to 
spill water from a full bucket standing on a table. Along tho river b^^twecn Paiccnes and 
Mulberry, a distinct vertical motion is rejwrtcd, causing weighted windows to be thrown 
up and (lown, and stove-lids to dance alwut. Li(]uids were strongly affected, as were 
trees and hanging lamps, and a few articles were thrown from shelves. 

On the afternoon of June 13, a lady near Mulberry, 5 miles south of Paicenes, was 
talking over the telephone wdth a friend in Hollister. The latter suddenly gave a startled 
cry as a slight (‘artlujuake shock occurred. It was felt at Mulberry several seconds later. 
From Mulberiy to Sun Benito the. shock uniformly lessened until, at the latter place, 
altho distinctly felt, even liquids w(*re not disturbed by it. 

Thru lk‘ar Valley the only noticeable effects of the shock were t he swinging of lamps 
and tho disturbaiKio of water surfaces. I attic or no sound was heard in Bear Valley, but 
several people noticed 3 distinct jieriods of vibration. It began easily, rapidly increased, 
and then, after a pause, there came a harder shake. At one house; a lamp hanging bya 
chain 3 feet long is said to have swung north and south nearly to the ceiling. Articles 
on shelves w(;re not moved, nor loose window lights shaken out. At the summit at the 
south en<l of Bear Valley, aiwut a bucketful of water was thrown from a barrel only two- 
thirds full, and cream was thrown norl h and .south from pans of milk. Here also the hang- 
ing lamp swung strongly north and south. A man outdooi's became dizzy and nau.seat<Kl, 
but did not at the time realize the cause. 

Thru the south end of the vall(;y, hanging lamps are said to have swung (;ast and west, 
and water is said to have spilt mostly east and west. Several people became dizzy, 
but the motion seems to have lx?en too slow to lx; distinctly api)reciable. 

At the Pinnacles no loose rocks were displaced, so the movement must have teen slight. 

Traveling southeastward from San Benito up the valley toward Henmndez, the motion 
consisted of longer, slower vibrations, and was of remarkably long duration. In general, 
the effect was only to set rocking-chairs in motion, cause doors to swing, and trees to sway. 
Just south of the divide between San Benito and Hernandez Valleys, the intensity rose 
noticeably, the shock throwing a lamp and clock from a shelf. 

At Hernandez, pans of milk and troughs of water were almost (;inptiod,and many minor 
.shocks hav(; be(;n felt since. No nois(; was heard lH;fore the ({uake, but a report as of a 
bla.st imnu‘diately preceded the .s('(;f)nd (hard(;st) period of vibration. This is in an upland 
valley at 2,.'i()() feet el(;vation, but thi; ground seems to be full of water. 

In the mountainous s(;rp(;ntin(; area b<;twe(;n Hernandez and New Idria, the shock 
was (;vide!itly slight, as nothing was noticed to have been disturbed at Smith’s camp. 
At New Idria a few ladlles and light artichs W(;rc thrown from shelves, clocks were stopt, 
and a few bricks loosened from a building erected with mud mortar; but chimn(;y8 were 
not injured. One brick furnace was crackwl, but it w’as not properly braced. Only 3 
minor sh()(;ks have been noticed at New Idria. The intensity was about the same as 
at Hernandez. 

In Vallecitos Valley, at an elevation of 2,000 feet. Tertiary rocks arc overlain by 50 
feet or more of alluvium. In this vall(;y, i)ans of milk were slightly spilt, but nothing was 
thrown from shelves. 

From San Benito southward thru the Bitterwater Valley, the intensity lessened, 
and only Ihpiids were affected. 'Tlie motion was too slight to lie appreciable to some 
people. 
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Priest Valley (D. S. Jordan). — On May 18 I went to Priest Valley, in the southeast 
comer of Monterey CJounty, 37 miles east of King City. I had heard that rumblings 
were frequently heard in the valley, and that people were moving out on account of 
them. There was little trace of the eartluiuakc at King City. At Lonoak, 16 miles 
east, chimneys were thrown down and a mild earthquake was felt. At Priest Valley, 
which is near the line of the old fault and at the very foot of the main range of the Ga- 
vilan, the earthquake shock was very severe, apparently coming from the north. Chim- 
neys were thrown down, dishes were broken, and the contents of the store thrown over 
the floor. Rumblings were alleged to have lx:en heard by a man named George Brew. 
He had been hunting in the mountains, and said he had h(;ard noises like cannonading 
in the ground at night. This was before the great shock. 

There were slight landslides and cracks along the edge of the creek banks. There 
is, however, no trace of the great crack in the valley. No one had seen it cross the stage 
road; and the oil pipe line from Alcalde, in Frc'sno County, goes thru to the Salinas 
Valley without any break. The {Msople said to Ik! moving out of the valley were two 
frightened women up in a mountain gorge, whost; husbands had gone to look after friends 
in San Jose. It is evident that the main crack did not reach as far as Priest Valley, and 
the shock at that point was not very different from that at San Jose, except that the 
blow was more direct, with less twisting motion. 

MONTEREY BAY AND EASTWARD. 

Pacific Grove, Monterey, and Del Monte (A. S. hjikk;). — At Pacific Grove very slight 
damage resulted from the shock, altho ac^cording fo residents the vibrations were very 
severe, in a nortlwiast to southwt'st direction. Only one or two houses had chimneys 
cracked, tho there are several massive chimneys, some with heavy ornamental tops. 

The town is situated on massive porphyritic granite, and the overlying soil is not deep. 
Its situation was evidently the reason for the slight damage done. The Pacific Grove 
light-house is situated alxmt a mih; southwest and this showcid more severe effects. The 
lamp is enclosi'd in a ribbed mental frame which rests on a brick tower and dome. The 
vibration of the ribs caused them to strike the metal chimney in the center of the top 
and dent it on the easterly sitle. The motion of this upper jxjrtion caused the brick dome 
supporting it to crack immediately at the base of the curved dome. There was no 
displacement of bricks, the crack Ix'ing a fine one, visible both within and without the 
tower, and completely encircling it. The light-hou.se is built on a sand-dune and there is 
an estimated thickness of 80 fetit of sand U{X)n the underlying rocks. This sand founda- 
tion probably accounts for the apparently greater intensity of the shuck here than in 
the town. Some of the objects in the rooms of the house were also slightly misplaced. 

Judging the intensity of the eartluiuakc by the damage it did in Pacific Grove, it would 
probably be classed as VI in the Rossi-Forel scale, as it was severe enough to awaken 
practically every one, tho no windows were broken, so far as could be ascertained. 

Monterey experienced practically the same intensity. I could learn of no damage 
done to the houses, the only damage reported being of some glassware in a few stores. In 
some houses furniture was moved slightly, and top-heavy pieces were overturned. This 
town, like Pacific Grove, is on a good rock foundation ; but in places the sand is deep. 

Del Monte suffered the most, as practically every chimney of the hotel was crack(xl or 
thrown. Tluire were over 50 chimneys in the hotel, and half of them were thrown down, 
one crashing thru the roof on the west side of the hotel and causing two fatalities. The 
chimneys were tall and top-heavy, having ornamental tops; and while the damage to the 
interior of the hotel was very slight, showing that the earthquake was not of a violent 
type, the vibrations were sufficient to throw these top-heavy chimneys. The hotel is on 
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alluvium, and the grounds surrounding it are in part “made” land. The grounds are 
surrounded by marshy land, ponds, and sand-dunes, and there is evidently a considerable 
depth of an incoherent, water-saturated formation supporting the hotel; this probably 
explains why Del Monte suffered so much more than Monterey. The houses adjoining 
the grounds were not damaged, with the exception of the school-house, which had its 
chimney cracked at the base. 

On the road eastward to Salinas from Del Monte, no visible signs of the earthquake 
were encountered until the Salinas River was reached. The Salinas bridge was moved 
southerly several feet, according to report, and the framework was broken so as to 
render the bridge unsafe. The bridge farther down the stream, on a wagon road from 
Castroville railroad station to Monterey, was also damaged by the shock. This bridge 
crosses the river in a northeast to southwest direction, and is supported by four tiers of 
piles, box(!d around with plank. The two end piers were not misplaced, but the two inter- 
mediate series were bent or broken at their bas(is and shoved over to the northeast, caus- 
ing a sinking in the center of the bridge of about 2 feet. The damage to the bridge was 
due to the violennc of the shock, and not to a sinking of the ground, as the amount of drop 
in the center was equivalent to the slanting position of the two intermediate supports. 

Castroville to Soquel (G. A. Waring). — Castroville, being on solid ground, was not 
seriously affected. Three chimneys out of about 30 fell. Objects were thrown mostly 
westward. The quake was described as beginning like a subterranean blast. Two 
periods were not noticed ; it was felt as one continual vibration, starting very gently. 

The wharf at Moss Landing buckled up and partly collapsed, while the warehouses were 
wracked or fell westward. (Plate 116 d.) At the hot(d and stores on the mainland, brick 
chimneys fell, but plastering was not seriously cracked. 

At Watsonville about 90 per cent of the chimneys were broktui off at the roof-line, the 
greater portion being near to the river. Several were cracked and twisted but not thrown 
down. Parts of a few brick walls near the river fell, and considerable settling of the 
ground took place in Chinatown on the southern side of the river. (Plate 116a.) 

On the higher ground between Watsonville and Aptos, the shock was little felt. There 
was no movement along Aptos Creek, lK)th wagon and railway bridges Ixung unaffected. 

In one old house about half the plaster was thrown from every northern and southern 
wall on the first floor, but not from the others, nor from the upper rooms. A bureau 
was moved eastward 3 feet from the wall, but no other furniture was moved. 

Nearly all the chimneys at Capitola fell, and considerable plaster was shak(;n from the 
north walls of the first floor of the hotel. The vibration is said to have been almost en- 
tirely cast and west, as shown by the sash locks having been broken only uiK)n the east 
and west windows. An iron safe free to move northward was urmioved, but the plaster 
on the opposite; side of the wall back of it (west) was broken. A case of pigeon-holes 
resting on top of the safe slid to the cast edge, when it could as easily have mov<;d north. 
Much earth fell from bluffs near the town, but there was no appreciable (;ffect on the 
surf. At the country bridge across Soquel Creek, the ground at the east abutment shoved 
inward, cracking the concrete and buckling a water-pipe. 

In the low ground at Soquel, nearly all the chimneys fell, but most of those on high 
ground stood. Much plaster fell and goods were thrown from the shelves in the business 
section, which is close to the creek. The east abutment of the concrete wagon bridge 
over Soquel Creek cracked vertically, showing that the soil movement extended this 
far up the creek. Thru Delmar, Seabright, and Twin Lakes nearly all the chimneys 
w(;re either down or twisted part way around and left standing, an unusual number being 
thus twisted. The shock is said to have come suddenly, diminished, and then, at a second 
jolt, chimneys fell. Trees move<l sideways as well as swayed, and all animals were much 
frightened. One small stream has diminished in flow. 
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(D. Stirling.) — ^In the Pajaro Valley, on the McGowan ranch, at a bend of the river, 
an acre or more of orchard has sunk about 2 feet. At Muss Landing, where the river runs 
parallel with the shore line, the strip of land is seamed for miles. A crack, or rather a 
sink, about 20 feet wide and 4 or 5 feet deep ran under the buildings and rent them 
asunder. The office building between this crack and the riviir has been moved 
bodily — land and aU — about 12 feet toward the river. Some of the cracks run into 
the ocean. At Neponset and Salinas the piling under the county bridges was moved in 
some of the lients at least 10 feet toward the river. A section man who stood in the midst 
of the cracks at the end of the Neponset bridge was drenched with spurting water. 

SALINAS TO SAN LUIS OBISPO AND WESTWARD. 

Effect of the Shock on AUuvium (G. A. Waring). — Altho the Salinas river bed sank 
nearly 6 feet at King City, and the wide sandy bottom at Three Mile Flat was much 
cracked, the southernmost extension of continuous cracks along the bank was found to 
be about 2.5 miles south of Gonzales bridge. From here to the mouth of the river the 
cracks arc parallel with the river banks. 

The movement at Gonzaltis bridg(! was mostly on the west bank of the stream. A wire 
fence trending north and south was torn 6 inches a|)art here, and wooden piles at the 
southwest end of the bridge, said to be drivem down 75 fe(!t, have been torn loose and 
moved from plumb, their original upright jHwition. At tlw; northeast end of the bridge 
the piles are undisturbcid, but the surface; soil and a wire fence have moved relatively 
18 inches northward. (See fig. 59.) 

North of Gonzakw bridge the fissures are mostly on the west side of the stream channel, 
and reach a maximum width of 18 inches. No evidence of shearing could be found. In 
the creek Ixittoms west of Chualar, sand crat(;rlets begin to appear and become numerous 
along the stream northward. 

Near Agenda, in the lowlands, is a cra<;ki*d area nearly a mile from the river, probably 
along an old water course ; while .sand craterlets are scattered thru thi; orchards. At 
Spm;kels the movem(;nt caused much damage to flumes, sewers, and water-mains ; and 
from here to Blanco the il(;(;p soil of the adjacimt fields is much cracked and in places 
sunken and dottwl with .sand crat(;rlets. 

The county bridge south of Salinas was renderwl unsafe by the movement of the piers 
at the southern end. (Plate 123a.) On the west bank near the bridge a series of peculiar 
cracks have torn up the road and adjacent field, along what is jirobably the path of an old 
water course. These are shown in plates 130, 137. 

Between Blanco and Nepoaset the cracking and settling of the low land flooded the 
adjacent fields and gave rise to stories alxiut the Kalinas River having risen several 
feet. The “boiling up” of the water thru sand craterl(;ts was also soon ilistorted into a 
story alxiut the water of the Kalinas River being boiling hot. Both the railway and 
county bridges at Neponset were moved, the northern concrele piers of the form(;r 2 
inches east and the central wooden pier of the latter apparently 4 fet;t south. 

From Morocoho to Moss Ijanding fis.surcs rarely show in marshy land, but the narrow- 
gage railway track has Ixxm shifbnl a few inches in scv(;ral places. At Moss Landing 
many small cracks occur in the mud on tlu; west side of the riv<;r, ami the condition of 
the wharf indicates an eastward movement of the .sand-spit. (Kee plates 134b, 135a, b.) 
It is reported that at places along the pier where the water was formerly 6 feet deep, it 
now has a depth of 18 or 20 feet. North of Moss Landing the ground settled nearly 2 
feet in places, as shown by marks on railway piles at several slough crossings and by the 
sagging of the track below grade; line in several other places. The stretch of narrow-gage 
track parallel to the coast has Ix^en disturbed for nearly its whole length ; in some places 
it is wavy, in others the entire roadbed has shifted. At one point about 5 miles south of 
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Watsonville, where the railroad track b only about 
200 yards from the beach, a stretch 100 yards long 
running northwesterly had shifted a maximum of 12 
feet to the northeast. Fences, telephone poles, and 
track all moved together. The sand-dunes facing the 
beach directly opiK>site the place where this movement 
occurred look as if they had lx;cn struck by a single 
large wave. 

Cracks appear again along the Pajaro River and the 
railway track has sunk in several places. The side 
rods of the narrow-gage bridge 1 mile south of Watson- 
ville arc buckled as by a compressive force, and the 
roadbed at both approaches has settled at least 2 
inches. 

Continuing up the Pajaro River, evidence of settling 
b found at the broad-gage railway bridge at Watson- 
ville, the southeast end of which sank more than a 
foot. The track was also twisted into an S-.sliape. 
The concrete foundation under the engine and stack 
at the power-house at the northw(;st end of the bridge 
settled, but the concrete work was little hurt. In 
Chinatown, on the south side of the river, the settling 
of the ground was marked. 

Between Pajaro and Vega the ground cracked along 
the 2 to 6 foot bluff, marking the old river bank on 
the south side of the present channel, and the side 
toward the river has settled several feet. This is 
well shown in plate 141b. This displacement has 
caused numerous sand cratcrlcts and pits (plate 
143b) ; the largest pit noted bt'ing oval in shajH!, 6 
by 20 f(x;t in diameter, and 4 feet do(!p. Northeast of 
Vega the movement seems to have died out, the last 
evidence found being mud caps on some old piles in 
the chamvd of the stream, showing a settlement of the 
ground amounting to 8 inches. Betwtum Vega anti 
Chittenden no evidence of movemcjit of the river-bed 
could l)c found. Near Chitttinden the banks are caved 
in. Along the San Lorenzo River, at Santa Cruz, this 
settling action also took place for a mile or more up- 
stream from its mouth. 

It may be said, ntgarding the soil movetnent along 
these streams, that along the Salinas River from Gon- 
zales to near Blanco, everything shows a movement 
down the river. From Blanco to Neponset the move- 
ment seems to have been a settling of the alluvial 
materiab, while from Neponset to the mouth of the 
Pajaro River the ground (in several places, at least) 
moved eastward or inland. Accepting as correct the 
reported lengths of piling at bridges, and depths at 


which the sand thrown up b said to have been found, the plane of movement must 
have been about 90 feet below the surface at Neponset, diminbhing to possibly 8 or 
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10 feet at Gronzales bridge and ending about 2.5 miles south of it. Along the Pajaro 
and San Lorenzo Rivers the movement was a settling of the alluvial bottom-lands. 

(A. S. Eaklc.) — The effect of the earthquake upon the alluvium was well shown along 
the banks of the stream from the Salinas to the Gonzales bridges. Along the east side 
of the river for a short distance south of the Salinas bridge, 4 miles south of the town, 
the land is cracked at the edge of the bank, the cracks paralleling the course of the river; 
but comparatively little cracking was obst*rved on this side of the river. Along the 
bank and tlown in tla; river-bottom itself, on the western side of the stream, fissures 
were very prominent. The county road southward from the Salinas bridge runs along 
the embankment alraut 10 to 20 fi*et alx)ve the stream Ixsil. The road is an oiled one, 
and the oil had formed a hardpan upon the underlying sand. In th(i vicinity of the 
bridge the road lias been shattered by the (juake for a di.stanec of 200 yards. The breaks 
are in the nature of a caving in of the road on the north side of the cracik, as if hollow 
spaces existed beneath, leaving a vertical escarpment on the south side. The main 
sinking is at the most southerly fiasure. Here the road has sunk bodily to a depth of 
10 feet, leaving a high vertical bank diagonally acro.ss the road, and this sunken area 
extends for some distance into the adjoining field on the west. ThiU'e is no upheaval 
of the road in any place to compensate for the sinking. 

South of the Spreckels factory, the low iKittom-land Ixitwccn the banks of the river 
is considerably crackal, although there is no prominent vertical dropping of the land 
along the cracks. This low land li(!s west of the present course of the stream, and is 
intersected by sloughs and fonner water coursi*s. All of the ground is of a deep sandy 
nature, coiusiHiiuinf ly it was much ilisturIxHl and fissured by the quake, and the fissures 
became filhid with water and sand, fonning a (juicLsand, this wet sand frctiuently being 
8jK)ut<Hl into the air. No one noticed gases coming up. The position of the cracks is 
now marked by patch(*s of light, bluish -gray sand in th(^ field, from the drying out of the 
quicksands. Houses on this low land were thi-own out of plumb, and chimneys were 
destroyed. The cracks diminish in numlxir as one goes southward, and practically 
end in th(! vicinity of the Gonzales bridge. The quake at Gonzal(« can hardly be placed 
at more than VII in tin; scale, as comparatively little damage was done to the town. 

Effect vpon Htntchtrei^, objects, etc. (G. A. Waring). — It is remarkable! how closely 
the disturbance followed the river channel throughout the fiJalinas Valley; 2 or 3 
miles away from the stream on Iwth sides the intensity was very slight. Southward 
up the valley the shock gradually les.sened, and rapidly died out in the foot-liiUs on 
(iither side. 

In the hills Ixitween San Juan and Natividad the ground is not cracked, except for 
a few plac(!s on hillsidi's when! there was some sloughing off. The shock was sufficient 
to throw nearly all the milk from tlw! pans, but not strong enough to move furniture or 
shelf gootls. At Natividad, in t he foot-hills, the shock was of about the same intensity. 
At Santa Rita the shock was light; a little milk was spilt from pans, but several tall 
slender chimneys w<!r(! unhurt. 

Prunedale (H. H. McIntyre). — Ni'arly every chimney was thrown down. All the 
goods in the storo were thn)wn to the floor. The house was badly wrecked. Water 
started flowing in many placi!s where there had IxHin none, or but littl(!, b<.!fore. There 
were 2 small laiulslidiw from springy places, the direction of the slip Ixuug from north 
to south. 

Salinas (G. A. Waring). — At Salinas 42 J per cent (278 out of 055) of the chimneys fell. 
A brick store was (hmiolished by the collapse of the roof (plati!s 115b, 116b), and parts 
of a dozen or more brick walls fell. (Plate llGc.) Shelf goods were shaken down, and 
a few heavy articles, such as slot machines, were ov(!rturned. Heavy furniture, such 
as pianos and billiard tables, was not moved. But little plate glass was broken. In 
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some buildings plastering was badly cracked and shaken down, but in solid, well-built 
residences it was little hurt. The court-house and high-school buildings, within a block 
of each other, furnish striking examples of the need of considering construction when 
trying to gage the intensity of the shock by its effect on buildings. In the former build- 
ing the principal damage consists of a few cracks in the plastering and foundations, 
while in the high-school building a part of the front wall fell out and the roof spread 
badly, cracking the corners of the house. 

(A. S. Eakle.) — ^The town of Salinas suffered greater destruction than any other place 
in the county. Nearly every house and building were damaged to some extent. Plaster 
fell, windows broke, chimneys fell or were crackwl, and brick buildings had their upper 
portions thrown off and, in some cases, almost completely demolished. The town is on 
the flat valley land, about 3 miles east of the river, and came within range of the more 
violent vibrations, in addition to being on alluvium. 

Spreckels mid vicinity (G. A. Waring). — The village of Spreckols, on the river-bottom, 
was badly shaken. Nearly every one of the approximately 50 chimneys in the settle- 
ment fell, as did also a large part of the plaster in the 3-.story ljot<*l. On the first 
floor of the hotel building nearly all the walls wctc stript, but the plaster fell mastly 
from the south wall. On the second floor tlu; walls of the north end and w(wt side suf- 
fered most, while on the third floor the north end (walls and ceiling) was shaken the hard- 
est. In the fi-story, steel frame, brick sugar mill (plate 117a, n) the bricks along the 
I-bcams of the north end were thrown out, as were also tho.s(! of the u])pcr c(;ntral part of 
the west wall, and part of the top cornices of the north and south ends. Oil in a large 
tank was thrown toward the southeast. The front (north end) of the 2-story brick 
office building exhibits a remarkably S3nnnietrical set of cracks. 

(A. C. Lawson.) — ^The flood plain of the Salinas River was caused to lurch toward the 
stream from both sides, but the eff(?cts arc most marked on the south side. The result 
in most places lias been the breaking up of the alluvium into monoclinal stri[>s with 
a vertical scarp on one side, facing the river, and a gentle slope on the other. These 
have the effect of landslide scarps and terraces, but occur on flat land. In some instances 
it would appear that the ground had collapscxl into the cavity fonned by the lurching. 
Then* are minor cracks and buckles in the .sand and mud flats of tlw; river-bottom. Here 
numerous craterlets were formed by the sudden ej(*ction of water from the underlying 
sands, due to the compre-ssive action of the sh(M*.k. 'I’his acute deformation of the ground 
accentuated the destructive tendency due to the earthquake shock. 

At the bridge, a large trusswl structure in 2 .spans having a bearing of N. 27° E., the 
south pier, consisting of 26 piles incastxl in planking, was thrust to the south between 

6 and 7 feet, so that the entire pier was inclincid as shown in plate 123a. The piles wens 
not broken at the ground level. The north and middle piers were a])parcnlly not 
affected. An oil pipe which crost the bridg<! was bucklc'd and twisted at the south end 
of the bridge, and when this was mpaiml the pifa; was found to have l)een shortcnetl 

7 fe(!t. The pipe; line extends from the San Joac]uin Valley to the Bay of Monterey. 
A few hundred yards to the south of the bridge is a pumping station, and at this i)oint 
some of the connections of the pipes were broken and displaced. The dinKition of the; 
shortening of the bridge span and the pipe is roughly normal to the direction of the San 
Andreas Rift, on the other side of the Gavilan llange. Mr. S. A. Guiberson, superin- 
tendent of the line, reports that the pipe was broken in about twenty places in the vicin- 
ity of the river, and that at some of these breaks the pipe was pulled apart. 

A few hundred yards east of the bridge, on the south side of the Salinas River, is the 
Spreckels sugar-mill, a st(!el structure incase<l in brick, al)out 5(K) feet long and alx)ut 
150 feet wide, having a northeasterly and southwtisterly orientation. This building 
is five stories high, but the five stories occur only at the two ends of the building. In 
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the middle 100 feet of its length there is only one floor above the ground-level, and alx)ve 
this the structure is open to the roof, without cross-tics or floor-beams. This building 
yielded to the shock in a most remarkable and instructive manner. The whole structure 
was shortened along the line of its longer axis, this shortening being effected by the 
buckling of the walls at the middle or weak portion of the building. Both walls bulged 
toward the west, the cast wall in and the w(wt wall out, as shown in plate 117a, b. 
Within the building considerable damage was done to the heavy machinery, tanks, etc. 
The ground to the south had been much heaved and otherwise dtsformed, causing the 
wrecking of trestles, pumping-house, and other structure. The rails of a track at the 
rear of the building were pulled apart, due probably to the slumping of the ground 
toward an old slough of the river. 

In the bottom of this slough water gushed forth at numerous places at the time of the 
earthquake. It is said by those who witnes.sfxl the phenomenon that the water spurted 
repcatwlly as liigh as 20 feet, and that the outflow of water lasted for 10 minutes after 
the shock. The places when; the water spurted forth are marked by ar(;as of fine, light, 
bluish-gray sand, which is said to be known only at a depth of 80 feet in the various 
well borings of the vicinity. In these areas of fine bluish sand are often funnel-shaped 
depressions or craterlcts from which the water issued. 

(S. A. Guiberson, Jr.) — As superintendent of the pipe line, 1 am in a position to say 
that we have no breaks wlmtever in any place IxitwtHjn Coalinga and the Salinas River, 
and then; wen; no fis.surcs of any kind along the lim; lx:tween thes<; points. This I know 
positively, as I have line riders who w(;n; instructed to look closely for any disturbance 
of this nature. The line of fissures seems to have ended north of Priest Valley. The 
conditions prevailing along the Salinas River, and some of the peculiar circumstances 
attending tlic breaking of our line in about twenty places, are of interest. I was on the 
ground the following day, and only regret that I did not have time to have some of the 
peculiar features photographed. In places our line had been broken and the ends were 
3 feet apart; at the same time the ends of the pipe would be hammered up, showing 
that there had l)cen an opening and closing mov(;ment at that point, while at other 
points the line would overlap as much as 4 fwt. One of our stations is in this zone of 
disturbance, and the engineers, Iwing on duty, had an excellent opportunity to see what 
most of us who were in bod merely felt. They state that these fissures were opening 
and closing, and that the water and sand would go 20 feet in the air as they closed. 

i^mdhvxvrd from Salmas (G. A. Waring). — At points along the railroad liquids were 
generally spilt, furniture was moved, and chimneys cracked. At Chualar, 3 out of 29 
chimneys fell, but 2 were on an old house and were prol)ably weak. At Gonzales the 
intensity seems to liave b«;en about the same as at Chualar. Out of 150 chimneys 11 
fell, while many were cracked. Ea.st of Gonzales, near the foot-hills, houses were barely 
shaken; while to the west, near the river, water-tanks were thrown down. At Soledad 
3 out of 8 chimneys fell, but the number is probably too small to be taken as a criterion 
of intensity. Some plastering on the first floor of the hotel was slightly cracked, a few 
glasses wcirc thrown from the bar, and some of the lx)ttles were turned around. The 
frame of the railroad tank was so badly twisted that it had to be taken down. A chande- 
lier swung northeast-southwest with a double amplitude of 18 inches. 

At King City, close to the river and on low ground, the intensity was considerably 
higher than at Soledad. Heavy objects, such as a printing-press, slot machines, and 
ice-ch»;sts, were shifted a little, and a few things were thrown from the shelves. One 
low chimney on a low fire-wall fell, but the wall was without a crack. No other chimneys 
were injured. The river-bed sank nearly 6 feet in the vicinity of King (’ity. At San 
Lucas the intensity was consiilerably lower; milk and water were spilt and shelf goods 
disturbed, but no chimneys fell. 
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On the western side of the valley from Salinas to San Lucas the same kind of evidence 
was found as at corresponding points on the eastern side. At Fort Roinic most of the 
clocks stopt, a few articles were thrown from the store shelves, and water in a north and 
south canal was thrown over the sides. No sound was heard during the shake, hut it is 
reported to have come afterward. 

About 4 miles south of Fort Rornie, water was thrown 30 feet northwanl from a full 
tank, the top of which is 14 feet above the ground, and half the milk was thrown from 
half-filled pans. West of San Lucas, waves were reported to have seen moving 
southward over the hills and a sound to have been heard. The shock Ix^gan gently, 
was follow«Hl by a harder shako, and died away slowly. Thru San Ardo, Bradley, 
and San Miguel, the shock lessened uniformly. At San Ardo a water-tank frame was 
somewhat wrenched, and the river-bed is thought to have sunk about 2.5 feet, tho 
evidence of this was not obtained. Oil was spilt from a large tank, and quicksand was 
thrown up in a well, which seemed to lessen the flow considerably. The railway station 
at Bradley, standing on made ground, settle<l 2 inches at one end. 

At Paso Robles a number of clocks were stopt, most of which were facing oAst or west. 
Window weights rattled and lam|)s swung about, but plastering and shelf goods were 
not affected. The duration of the shock was estimated at 40 seconds, but was very 
gentle. 

In the southeastern end of the Salinas River drainage area, at Shandon, Cholame, and 
Parkfield, the shock was notable as being “the long(«t, easiest one felt in many years”; 
liquid surfaces were somewhat disturlxid, a few clocks wore stopt, and hanging objects 
were set in motion. In the hills 2 miles northwest of Shandon the intensity was some- 
what greater, as it was also to the southeast in the Red IlilLs. At Shandon, a saddle 
han^ng by a wire from the rafters swung north and south, and water was thrown from 
a full horse-trough. The shock was also reported at Estrella and Linne. 

South and West of Salinas Valley (G. A. Waring). — Following southward over the 
divide thru Templeton, Santa Margarita, Dove, and Guesta the shock lessened until 
it was hardly more than distinctly felt. At Templeton skimmed milk was spilt at one 
place, but unskimmed milk was not. At Dove the swaying of the telegraph wires was 
about the only evidence noticed. At one place a mile cast of San Luis Obispo a great 
roar is reported to have been heard. 

In the coastal range of hills thru Carmel P.O., Jamesburgh, and Jolon, only milk and 
water were disturbed, but from the latter place to Los Osos Valley, west of San Luis 
Obispo, the shock varied considerably. At Lockwood the shcxik was a littl(^ stronger 
than at Jolon, clocks being stopt generally and milk and water spilt, but no stuJf goods 
were moved. Thru Hames and Ployto it hardly more than wakened sleepers, and i)eople 
moving around did not feel it; while at Adelaide clocks were stopt, shtdf goods moved, 
and liquids spilt. Several minor shocks have also been felt at Adelaide. In Los Osos 
Valley, however, the shock was barely felt; sound sleepers were not awakened. A few 
light things, such as table covers, swayed slightly, but no sound was heard, and pans 
of milk were undisturbed. 

At San Luis Obispo the shock was hard enough to waken all ordinary sleepers. Some 
people thought it a wind-storm. The vibration is cstimatc<l by some to have la.sted 20 
seconds. Mr. John R. Williams states that the shock made doors and windows rattle, 
moved his bed, and stopt some clocks. There was but one principal disturbance, which 
gradually increased in intensity and then died away, lasting about 50 seconds. The 
apparent direction of movement was northeast and southwest. The night operator at 
the telephone office was talking with Salinas at the time the shock occurnnl. She heard 
a scream at the Salinas end, followeil by a roaring sound. Fully half a minute later the 
shock was felt by her at San Luis Obispo. 
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Along the coast northward from Port Harford thru Morro, Cayucas, and Cambria, to 
San Simeon, the intennity gradually rose. At Morro some people in bed and awake 
felt it ; many others did not ; while at San Simeon liquids were somewhat disturbed and 
the shock of the afternoon (of April 18) was also noticed, which was not the case farther 
south. At Piedras Blancas Light-house a clock stopt and the shock was distinctly felt. 

Between San Simeon and Posts the country is almost uninhabited, and not easily 
accessible, so it was not visited. At Posts a clock was stopt. The shock was very appre- 
ciable, and several minor ones have been felt since. At Idlewild several articles were 
thrown from shelves, windows rattled, and the redwoods swayed considerably. At Sur 
a clock was stopt and the shock was apparently a little stronger. At Carmel-by-the-Sea, 
on de(fp, sandy soil, several people ran out of doors, a cobble-stone chimney fell, and a 
few tall articles were tipt from shelves. 

SAN LUIS OBISPO TO SAN BERNARDINO. 

This portion of the state is on the southern fringe of the re^on within which the shock 
ap{)ealed to the senses. The shock was not exceptional in intensity and the people paid 
little attention to it ; therefore records of observations as to th(5 effects produced are few. 
Such reports as have come in, however, indicate that the shock was more or less distinctly 
felt thruout the country north of the Santa Barbara Channel and the Valley of Southern 
California, as far cast as San Bernardino. 

Arroyo Grande, Sart Luis Obispo County (G. P. Ide). — Pendulum clocks facing north 
and south were stopt, while those facing east and west were not. Very few objects were 
overthrown. A hanging object swung east and west in an elliptical orbit. 

Other points south of the town of San Luis Obispo at which the shock was reported 
are: 

Pismo; Hanging objects swung from cast to west, and some clocks stopt. 

Edna and Oceano: Clock stopt. 

Port Harford: Slight shock. 

Santa Maria, Santa Barbara County (F. R. Schank). — I was asleep in the second story 
of a brick building and was awakened by the first of 3 shocks. The shock awoke people 
generally and was observed by persons moving about, but did no, damage. The motion 
was a slow, easy one. Wootlen inside shutters at my windows sw’ung thru a considerable 
arc, and an incande.sccnt lamp suspended by about 5 feet of cord vibratwl with an am- 
plitude of about 6 or 7 inches in a plane approximately east-northeast. The length of 
the first and second shocks was 1 or 2 seconds, but the third shock lasted between 12 
and 15 seconds. 

Casmalia, SarUa Barbara County (C. H. Stephens). — I was awakened by the jar, 
and the rocking was continued for about a minute, when all became quiet. It then 
started again lightly, getting stronger as it proceeded and gradually dying away in about 
45 seconds. The third shock came quite strong, and 6 waves followed close on each 
other, each stronger than the preceding one. The clock was stopt, and some articles of 
furniture were overturned. 

Surf. — A clock was stopt. 

Lompoc, Santa Barbara County (C. K. Studley). — I was in bed, aw'akencd by the first 
slight trembling. My bed stands east and west, with the head to the west. The first 
shock moved me up and down from head to foot. The second shock rolled me from side 
to side. The first shock gradually increased to a maximum, and then died out; the 
second seemed to be about the same intensity thruout, and stopt suddenly. The latter 
set the window weights on the south side of the house rattling quite rapidly. The hang- 
ing lamp suspended from the ceiling of the lower story by a chain, which would make 
it about equal to a pendulum that beats seconds, swimg in an elliptical orbit, the longer 
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diameter being 10 inches in a west-northwest direction and the shorter diameter 4 inches 
in a north-northeast direction. The motion in the ellipse was clockwise. The clock stopt. 

Point Conception lAgkt-house Station (Mr. Austin). — While cleaning up in the tower 
at 5*' 20" A.M., the keeper felt the lens shake. No one else at the station felt the shock. 

Santa Baihara (J. A. Dodge). — I was aroused from a half-sleeping condition by a 
singular rustling noise in the house. None of us recognized it as an earthquake at the 
time. My bed was not perceptibly shaken. Nothing was shaken out of place, no plaster- 
ing was crackwl, and no clocks were affectetl. The sound referred to was produced by 
something in the structure of the houst; creaking or vibrating. Other reports state that 
some hanging objects were caused to swing, au<l that one woman was made dizzy. 

Carpenteria, Santa Barbara County. — The shock was sufficient to rattle dishes and 
slightly move bwls, but few people were awakened by it. 

Saticoy, Ventura County (E. O. Tucker). — Water in a trough which was 6 inches from 
being full, slopt ov(‘r nearly a pailful at a time from the ends. The trough lies from north- 
east to southwest. A rattling noise was heard in the house, but no motion was felt. 

Hueneme Light-house Station, Ventura County (C. F. Allen). — The cartlK^uake was 
one abrupt shake which gradually dieil out, lasting 4 seconds in all. The weight to the 
clockwork which turns the light thumped back and forth in the weight-w(41 from north- 
west to southeast, and the window weights did likewise. 

In Ventura County a slight shock was reported at Newberry Park, Punta Gorda, and 
Ventura. At the latter place, hanging objesets were observed to sway from east to west. 

Calabassas (II. II. Wheeler). — A farmer .stated that a number of cisterns for collecting 
rain-water for domestic uses were cracked by the earthquake shock so that the}' leakecl. 

Santa Monica, Ijos Angeles County (T. H. Moody). — A disturbance was noticed which 
seemed to be on the front porch, the noise continuing with considerable regularity, and 
appearing to change from place to place. Then there was other cracking around the 
house, and finally all was quiet. Nothing moved out of place. 

Los Angeles (.1. D. Hooker). — There was a light shock, then a heavier; then a smart 
shock which caused windows and doors to rattle. A window curtain .swung in and out. 
A brass ring attached to a cord 15 inches long swung northwest and southeast. At the 
Weather Bureau station the barometers were observed to swing and rattlcagainst the rings 
which confined them. Tlie shock was also reported as a slight one at Azusa, Claremont, 
and Toluca, in Ivos Angeles County. 

Anaheim, Orange County (J. F. Walker). — V(‘ry few jx'ople in Anaheim report having 
felt a shock at all. It was very slight. No clocks were stopt. 

San Bernardino (Dr. A. K. Johnson). — The .shock was sufficient to stop the town 
clock at r>'' IT", and several pcirsons felt the vibrations, but no movable objcicts W(*re 
displaccxl. At 4'* 30" p.m., April 18, a slight oscillation was felt which caused the chand(!- 
lier to sway. This movement continued for a few seconds, and seemed to be from north- 
west to southea.st. 

BAY OF SAN FRANCISCO TO THE SAN JOAQUIN VALLEY. 

In Contra Costa and Alameda Counticis the destructive eff('cts of the earthquake were 
most manifest in the cities of Berkeley, Oakland, and Alame<la, on the east side of the 
Bay of San Francisco. 

Berkeley (A. C. Lawson). — A large majority of the brick chimneys were broken or 
overthrown, and in addition to this several brick buildings had their upper walls thrown 
down or were otherwise damaged by cracks. The most notable cases of this kind of 
damage indicative of the intensity of the shuck may be briefly mentioned. 

At the State Institution for the Deaf, Dumb, and Blind the upper part of the northwest 
tower of the building, to the north of the central structure, was wrecked by a considerable 
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part of the brickwork being thrown out on the northeast and northwest comers of the 
tower. (Plate 118b.) The upper part of a brick gable in the central building, facing 
northerly, was thrown southerly, or into the building. The upper part of the tower 
on the northwest corner of the building to the south of the central structure was de- 
molished. (Plate 118a.) The main clock tower of the Institution, however, suffered 
no serious damage. The clock, a very unreliable one, stopt at about S'* IS”. At the 
High School the walls of the upper story, particularly those facing west, were badly 
cracked and partly thrown out, so that they had to be taken down. Two large brick 
chinmeys on the east roof collapsed and did much damage to the rooms below. (Plate 
119b.) 

The Barker Block, at the northwest comer of Shattuck Avenue and Dwight Way, a 
building veneered in part with brick, hatl a great deal of the brick facing of the upper 
part of the building, and much of a strip of tiling above the east wall, thrown dovvii. 
(Plate 119a.) The upper part of the rear wall of the brick building at the northeast 
comer of the same streets was thrown down. The north wall of the new Masonic Temple, 
whi(di was in course of construction at the comer of Shattuck Avenue and Bancroft 
Way, was thrown to the north and caused the collaiwe of certain steel girders resting 
upon it. 

The intensity of the earthejuake within the city of Berkeley was by no means uniform. 
There were areas which seemed to a very considerable extent to be immimc to the de- 
struction so marked in the throw of chinm(!ys, etc., in neighboring areas. The buildings 
on the University campus, for example, sustained no serious damage, and there was not a 
single chimney thrown, altho one or two w'ere cracketl. In a Ix'lt of the city exteniling 
northwesterly from the vicinity of the President’s residence on tlm campus, the damage 
to chimneys was similarly light. This comparative immunity to destructive shock 
appears to be as-sociatwl with the fact that the building on the campus, and in the belt 
to the northwe.st of it, are practically founded on rock, whereas the portion of the city 
where chimneys generally fell is on alluvium. 

The direction of the fall of chimneys at Berkeley, as elsewhere, was controlled to a large 
extent by the orientation of the house's. Chimneys usually fell nearly at right angles 
to the longer side of tlu'ir cross-.section, which was as a rule parallel to one of the walls 
of the house. NotwitLstanding this fact, however, there was a -prevailing tendency in 
the fall of chimneys to the south and east, or in the southeast cpiadrant. Where chim- 
neys fell to the east, they fell usually a little to the south of the line at right angles to 
the north and south wall ; and where they fell south they fell similarly a litth; to the 
east of the normal to the east and west wall. Some sejuare chimneys fell diagonally 
to the southeast. This was true of a rather massive 4-flue chimney on the writer’s 
house, which fell at the latter end of the shock. In many cas(!s chimneys were 
dislocated and twisted, without being thrown down. Of 38 chimneys, the rotation of 
which was notetl by observers giving their entire attention to the matter for the time 
being, 31 were rotated counter-clockwise and 7 were rotated clockwise. In some parts 
of Berkeley the rocking of the houses was sufficiently violent to make it difficult, and in 
some cast's almost impossible, to .stand on the floor without support. 

According to the ob.scrvations of the writer, there were two maxima in the shock, with 
a lull in the interval, the second being the more vioh'iit. The movement appeared to be 
diagonal to the rectangle of his hou.se, the longer side of which is approximately east and 
west. The throw of objects was much more to the west than to the east. This was well 
exemplified by the behavior of objects in the mineraJogical museum on the thinl floor 
of South Hall. These arc upright cases reposing on cabinets of drawers. The shelves, 
arranged in steps, are orientatwl north and south approximately, and face both cast and 
west. On the shelves facing east very little was disturbed, while in those facing west 
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many of the heavier specimens, weiring 20 pounds or more, were projected from the 
largest, or top shelf, thru the glass doors, and were found strewn on the floor. In no case, 
however, was the glass of the doors broken. The latter had been forced open at the same 
moment that the masses of rock had been hurled toward them, thus allowing the missiles 
to pass thru. Smaller specimens, weighing less than a pound, on the shelves imme- 
diately below the top one, were very little disturbed. 

Oakland (A. C. Lawson). — The destructive effects of the earthciuake were much more 
in evidence in Oakland than in Berkek^y, and this is doubtless duo in large measure to the 
much greater number of brick and masonry structures suscept ible to this kind of damage. 
When particular instances are considered, however, it seems probable that the severity of 
the shock was in reality somewhat greater in Oakland than in Berkeley. Chimneys fell 
very generally thruout the city ; the upiHjr parts of brick walls, gables, and cornices 
were in many cases thrown down (plate 122b) and cracks in walls were numerous. The 
underpinning of some few old frame houses caused these structures to collapse. In 
addition to this damage, which indicates fairly well the prevailing intensity of the shock, 
there were several cases of more severe destruction which must be noted. 

The Pre.scott school, in course of erciction, at the corner of Ninth and Camplxtll Streets, 
was rather badly wrecked (plate 121n), as was also the building of the California Fla-x 
Works, on the corner of Union and Third Strecits, the walls of which gav(i w'ay, causing 
the roof to collapse*. (Plate 121a.) The susceptibility of this building to destruction 
was probably due to lack of transvcinse bracing for the walls, exceipt that suj>j»lied by 
the roof girehirs. The southeast tower of the First Baptist Church, on Telegriiph Ave- 
nu<i, had its upper northeast corner thrown out, and was otherwise wnickenl. (Plate 
122a.) The east and south gables wei'e Indli thrown out ; but the lower towts’s at th(i 
northeast and southwest corners of the building were comparatively unaflfeicted. The 
Central Bank building, at the corner of Fourteenth Street and Broadway, had the brick- 
work of its southwest comer tlu’own off from the 2 upper stories, and was similarly 
affecteil, tho to a l(!ss extent, on its northwe.st corner. (Plate 120a.) 1’he large smoke- 
stack at the Key Ro>ite power g(!nerating plant, built on the tiilal mai’sh land, luwl its 
upper third thrown off. (Plate 120n.) 

Con.sid(?rable damagt! was also done to the First Unitarian Church, al. the corner of 
Castro and Fourteenth Streets, and to the Christian Science; (’hurch, at Franklin and 
Seventeenth Streets. 

(K. C. Jones.) — There wt;rc very few breaks in (;ast-iron gas-mains. Two of these 
were caused by impact of heavy d6bris falling from buildings and poles. One w'as on 
Washington Street, wh(;r(; heavy blocks of sandstone fell from the third story and the 
roof, breaking tho main 30 inches below the bituminous rock. Another was at tho corn(;r 
of Fourteenth Street and Broadway, where a transformer f(;ll from a pok;, striking the; 
center of a short car rail and beniling u}) both ends. A 3-ineh cast-iron main a short 
distance from this was broken at right angle's. On the; Twc'lfth Street ilam, a cast-iron 
pipe was broken and displaced ov(;r a foot ; while the high pressure steel pipe paralleling 
it was practically undisturbed. Gas-holders were uniujur(;d, tho much of the water 
was thrown out of the holder tanks. The only damage to buildings was the destruction 
of brick gables at Gas Station “B," First and Market Stree'ts. 

Oakland cemeteries (H. Newcomb). — In the Mountain Vi(;w Ct;metcry, which is on 
a little draw between ridges, the chief damage done was the cracking of the receiving 
vault, and that was not injured very much. 

In St. Mary’s Cemetery, on the small ridge to the w(wt, however, many monuments 
were moved or twisted and several were overthrown. On entering the cemetery from 
the east, very little damage was observed, but on climbing the; ridge more and more was 
noticed. On the north slope less damage was done, and on level ground farther north 
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absolutely no monuments were affected. Near the top of the ridge many monuments 
were overturned, and nearly all of them showed twisting or shifting. The result of the 
shock upon the monuments in this cemetery may be summarily stated as follows: 

Fifteen were rotated counter-clockwise, 4 of these thru from 1° to 2°; C thru 5“; 1 
thru 1.5°; 3 thru from to 8° with a lateral shift of 1 inch to the east; and 1 thru 8“ 
with a lateral shift to the south. 

Six wore rotated clockwise, 2 of them thru 25° to 30° ; 1 tlu’u 15° ; 1 thru 10° with a 
lateral shift of 0 inches to th(^ south; and 2 thru 2° with a shift to the south of 1 inch. 

Six fell to the east, 1 to the west, and 1 to the north. 

Three were shifted laterally from 0.5 to 1 inch to the cast, one 1 inch to the south- 
west, and one 1 inch to the south. 

(li. McGregor.) — Of 12 monuments in Mountain View Cemcitery that were disturbed 
by th(! (iarth(iuak(‘, 10 are rectangular shafts which were simply twist(*d on their bases, 
4 from left to right and (• from right to left. The other 2 are turned shafts, both of 
which slid on their ba.ses about 2 inches south. There were a few others displaced. 

Alameda. ---The (h'struction was confined for the most part to the throw of chimneys 
and the upper portions of brick walls. A few tanks wen; also overthrown, and 3 large 
stacks iM'ar Pacific Avcunie and Lina Street. Messrs. Pond and McFarland counted 
019 falkm chimneys in the city; of these they report that 189 fell to the southwest, 143 
to th(i southeast., 93 to the northwe.st, 97 to the northeast, 34 to the south, 14 to the north, 
25 to the east, and 24 to the west. 

'I’he fall of chinmciys was evidently determhicd largely by the' orientation of the houses, 
which have t.h('ir walls in ncjarly all cases orientated at riglit anghts to the direction given 
for the fall. The statistics are quoted not because they have any special significance, 
but l)ecau.se tlney indicate how little this class of phenomena contributes to the elucida- 
tion of the character of the earth movement, unless each particular case is studied in all 
its bearings. 

With regard to the chimneys which were dislocated and twisted, there appears to 
1 m^ more constancy of result. The; same gentlemen countcid 01 such chimneys and of 
these .58 were rotated counter-clockwise and 3 clockwise. 

Soulhmsl of Oakland (G. Backus and R. P. O. Newcomb). — In the vicinity of High 
Street about half of the chimneys fell. The most general direction of the fall was to 
the north and south, altho some hdl ('ast and west when the sloi)e of the roof was in that 
direction. Plastering in the houses was .seviTcly cracktul, but no foundations nor build- 
ings were damaged to any visible extent. A large smelhir chimney in the vicinity was 
not damaged by the shock. 

At Fitchburg at)out the sanu; state of <lamage was seen. The chimneys on the old 
houses were gonci. A large school-hou.s(i with a brick foundation was not injured. 

At Elmhurst tlu! windows in the hotels and stores were broken. Most of the chimneys 
had fallen, one in i)articular being thrown to the east against tlu; slojw of the roof. 

At San Ixiandro half the windows in tin; stores were broken, and nearly every chimney 
was down. All loose objects in the houses, such as dishes, etc., were thrown down. 
The plastering was greatly cracked. The houses were not seriously damaged, and only 
2 have been condemned. 

At Junction City the shock was alwut the same as at San Leandro. Acconling to 
rumor a 3-inch fissure opened up Ixjtwccn Junction and San Lorenzo, but this was not 
seen. 

The County Hospital, but a short distance from the Junction, was only slightly dam- 
aged. None of the chimneys were thrown over and plastering was not cracked. The 
Hospital is built on solid ground, and several quames can be seen in the ground upon 
which the buildings are situated. 
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At the San Lorenzo Cemetery, about half the tall monuments were down. Most of 
these fell to the south, some to the north, and a few to the east and west. Twisting 
occurs where the south end is thrown east. Almost all the chimneys in this vicinity 
were down. 

At Mills College about half the chimneys were down. A stone building there was 
badly shattered and will have to hi) taken down. A brick and concrete library, and the 
same kind of a bell-tower, were not injunid to any great extent, tho a f(iw craciks can 
be seen here and theni. Mills is on rather high ground at the base of the foot-hills. 

(J. Keep.) — ^The floor of my room at Mills College seemed to \h) boiling. Immense 
damage was done. In the made ground there was a drop of from 1 foot to several feet. 
The seismograph registcired for a time and then broke. The Sci(^nce Hall, a stone struc- 
ture, was badly injured, entailing a loss of $5,000. 

(J. N. Frank.) — In San Leandro obj(M^ts against the cast and west walls of the house 
were thrown down. Some statues were rotated clockwise. Chimneys wenj overthrown 
or broken, and plaster cracked, causing a damage (estimated at between $400 and $500. 

Movnl Eden (William Gall). — The general direction of the moveim^nt was to the 
north and nortlu^ast, but objects fell in all directions. Objects were rotated, some 
clockwise and some (counter-clockwise. A rotary motion was distinctly felt. Brick chirn- 
rucys W(Te broken and thrown. Furnitunc was thrown flat. The shock caiiscul con- 
st(irnation among the p(cople and donucstic animals. Monuments in the cemetery wenc 
ov(crthrown in various din^ctions. 

Deroto (F. E. Matthes). — No earth movenumts nor displaceiiKcnts weere discovccred 
anywh(‘r(c aloTig the base of tine mountain sccarp. TIk' damage to buildings was slight, 
(consisting of brok(cn or twisted (chimneys and (cra(cking of plaster in a few houses. A 
f(iw scattiTing chimiucys escaped destruction, being probably Ixctter built than the aver- 
age. In the stores and saloons artickes w(‘re thrown down in soutlncrly din'ctions for 
the most part. W ater was observed to splash from a tank a mile north of town, the 
direction of throw being s()utheast(*rly. The c(ms(*nsus of (^pinion was that the shock 
had a nearly north-south dincction, Ac(cording to tluc track-lx)ss, the railroad trac.k 
sulT(cred no displacements anywhere betwe(cn Nikss and Irvington. The Masonic tloiiKc, 
a larg(c brick structunc locaticd on th(c hillskkc on solid rock foundations, suffened but 
little damage. A few insignificant cracks in the brick walls, 2 chimneys brok(cn off, and 
2 chimiu'ys cracked constitute tluc most serious damage. Plaster was cracked in sev(cral 
rooms; no windows were broken. 

Alvarado (F. E. Matthi's). -The Alanucda Sugar Company was the chief sufTcncr. 
The main buildings of tluc plant are of wood, substantially (constructed, and wicre not 
(Iamag('(l; but th(c fittings and acc(\ssory structuncs wenc injuned in nunuTOUs plaeccs. 
An old liriKc-kiln showed diagonal cracks in the brickwork; s('veral of the small archies 
above tluc tire holes openued and let bricks fall out. A ()-inch cast-iron wat(T-pip(', at- 
ta(»hed V(irtically to the main building, bn^ke transv(?rs(4y about 30 feet above the ground. 
The water in the tanks on the roof splasluxl so heavily as to raise and bncak th(c wooden 
covers. The water S(cems to have splaslu'd mostly to the east. The 2 gn^at platforms 
carrying the molasses tanks, supiiorted by numerous vertical projis 10 f(c(ct 10 inches 
high, nesting on concr(*t(c foundations, f(»ll down alt()g(cthcr; the northern one to the 
north, the south(irn one to the south, thes(j directions probably being (kebermined by 
the original inclination of the supports or the relative (cfficiccncy of the bracing. The 
tanks were all damaged and over 1,000,000 pounds of molasses flowced away. The total 
weight on the south platform was 1,072,891 pounds. (Plat(c 1 15a.) In the engine-room 
tho vertical steam-i)ii)(cs cra(ck(Hl next to the flanges by tluc wracking motion of the ceil- 
ings thru which they extciukcd. The shock appears to havic had a north-south direction, 
according to the position of the breaks in these pipes. 
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The mill stands on flat, alluvial ground 100 feet north of Alameda Creek. Along 
the banks of the latter a large number of cracks extend, roughly parallel with the stream. 
Considerable masses n(^xt to the stream-bod slumped toward the same, leaving gaping 
cracks 1 to 2 feet wdde, and carrying with thcmi small outlying buildings, notably the 
fire-engine house, which moved bodily, concn^tc foundation and all, 2 feet south toward 
the cn^ek. A small railroad tri'stle southwest of the mill moved 4 inches south on both 
of its abutments, probably owing to slumping of loose ground on the north side of the 
A 2-inch water-pipe, laid under the ground some 60 feet north of the creek and 
almost parallel with the same, shows indications of having been submitted first to ten- 
sion, causing rupture at one of the joints, then to sudden compression, causing it to be 
jammed together with violence. 

Cracks in the ground may be found as far as 250 feet from the cniek. They were 
nearly all closed at the time of the visit (May 7), but w(ire easily traced by tluj streaks 
of bluish-gray sand wliicih has issued from tliem, togc^ther with considerable quantiti(\s 
of wat(ir. According to the Chines(i cook of the superintcnd(mt, the cracks nean^st t.o 
his dwelling opened and closed sciveral times in succession during the (juakc; and large 
volumes of mud-laden water gushed from them, splashing up some 10 feet in the air at 
each closing. A large crack of this kind opened under the northwe^st corner of the dwell- 
ing, and the sup(a’int(^nd(jnt estimates that fully 500 gallons of water gusluul from it, 
the flow continuing with deenjasing volume for about an hour. The fence in front of 
the house shows that the ground there has been raised into a low hump. The s(‘wer 
pip(i leading W(^st to the creek was detached from the house by a space of 22 inclies. A 
chimney near the nortlujast corner of the house was thrown to tlui east with sufficient 
violence to throw the farthest bricks 35 feet cast of the house. The top of the chimney 
wjis only 20 feet above the ground originally. 

Jn the roadway south of the mill, water oozed out in a number of places, without the 
production of visible cracks. The water pipes and hydrants in this vicinity were crusht 
in several jdaces. 

At the Alvarado Water Works the brick buildings sufTenul considerable damage, the 
walls cracking in several plac(^s. Nothing could be leariKul regarding the behavior of 
the w(*lls of this plant. The frame dwelling of the sup(a*intendent was damaged by the 
collaj)se of its underpinning. A similar fate befell the Alvarado Hotel. Both houses 
were being put in plac(5 at the dat(? of the visit. At the school-house the water-tank fell 
owing to the eollajisc^ of its supports. 

Nearly all brick chimneys in the village fell, the directions varying. A few cracks 
opened across the streets, l)ut these had been filled on tlui date of the visit. The con- 
sciiisus of opinion was that the shock had a north-south direction. 

Lick Obscrvalon/j Mount Havnllon, — From the reports of astronomc'rs C. D. Perrine, 
R. Cl. Aitken, II. K. Palmer, K. Burns, A. M. Hobo, and Cl. A. Vogt the following obser- 
vations as to the character and intemsity of the shock have been obtained. The prin- 
cipal disturbance) was precoilcil by a tremulous motion variously estiinafcd at from 
11 to 15 or 20 seconds. There seemed to be 2 maxima, the first being the stronger (?), 
according to H. K. P. There was a first secondary maximum about 5 seconds after the 
beginning, a maximum 11 seconds after the beginning, and another secondary maximum 
about 15 or 20 seconds after the beginning, according to K. B. 

A tremulous motion was felt after the principal disturbance. 

Heavy vibrations were still felt 60 seconds after the first count. Motion w^as felt for 
nearly 2 mimii es after the first count.” C. 1). P. The duration of this tremulous motion 
was about 30 seconds. Vibrations stopt in the house at the end of that time.” K. B. 

Duration between 30 and 35 seconds.” A. M. H. 

No vertical motion was perceived, nor was any recorded on the Ewing seismograph. 
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According to C. D. P., the heaviest movenjent seemed to be nearly east and west, 
while according to K. B. it was northwest and southeast. On the Ewing seismogram, 
the north and south component seems to bo the most violent, the jKm having left the 
plate for half a revolution of the plate. The east and west vibration was extremely 
large. The maximum of the cast and west movement occurred after the pen of the 
north and south component left the plate. 

A razor strop hanging on a north wall, the only thing free to swing, swung cast and 
west al)out a foot (double amplitude). A shaving brush which stood up on end and, 
b(ung rojmd, could fall in any (lirection, fell west. Things overturned fell east and west. 

The shocik was severe enough to make windows rattle and tloors swing. Book-cases 
were moved out about an inch from east and west walls, but not from nf)rth and south 
walls. A ])endulum clock on a north wall stopt at r)** 12'“ 52*. Not much plaster fell, 
anil only 1 of a dozen or more chimneys was thrown. Some other chimneys, principal!}' 
those of a 3-story brick house, were crackcnl and shifted. 

The earth-waves were very long, but smooth. 

According to K. B., the shock was accompanied by a sound as of the flight of birds. 

The water in Smith Creek on the afternoon of the day of the shock was of a light slate 
color; not yidlowish, as after heavy fre.shets. 

“Standing in the doorway and looking out the cast w’indow, I could see the walls of the 
brick housi! shaking. There seemed to be a great deal of dust in thi! air in front of the 
window.” H. K. P. 

The movement of the east-west component of the Ewing seismograph indicates an 
intensity corresponding to an acceleration of 400 mm. per sec. per sec. The north and 
south pen left the plate, owing to the violence of the shock. 

NUes (R. Crandall). — The town of Niles stands on gravels of the alluvial fan at the 
mouth of the Niles Canyon, and is about 20 miles due east of the fault at its neariist point. 
At Niles there were no largo buildings, anil most of the structures were not strong, but 
there was no .serious damage done <.o any of them. About 5(1 piT cent of the houses had 
either terra-cotta chimneys or tin pipes, which are much harder to shake down than those 
of brick. Of all the chimneys in towm, 48 per cent fell ; of the brick chimneys 80 per cent 
fell ; of the terra-cotta chimneys oidy 10 jKjr cent went down. 

Most of the houses were not plastered, so no notes could l)C obtained on that subji'ct. 
In nearly all of the houses such objects as dishes, bottles, vases, and clocks were thrown 
from the shelves. Milk and water were spilt from open receittacles in most cases. 

A concrete abutment of the bridge acro.ss Alameda Creek was cracked. A man out of 
doors at the time founil muiih difficulty in walking. A 50,(M)0-gallon water-tank fell at 
the Niles railway station. Similar tanks were thrown down at the stations at Pleasanton, 
Livermore, and Ijathrop. This was due to imperfect construction rather than to the 
violence of the shock. The tanks were upon cast-iron pillars originally, but when new 
and largiir locomotives wen; put into siirvicc on the railway, it was found neces.sary to 
have the water-tanks set higher. This was accomplished 'by inserting short blocks be- 
tween the tanks and the tops of the pillars. When the weight of 200 tons was swayed 
on this sort of a structiu’e, the tank collapsiiil. 

While at Niles, a visit was maile to one of the new tunnels of the Western Pacific Rail- 
way, which is about 1 mile east of Niles in the Niles Canyon. The tunnel hail penetrated 
about 130 feet into the hillside, but hail not yet past thru anything but a sandy clay. 
During the previous winter the walls at the portal, and also on the inside, had stood with- 
out timlH'ring. Since the earthquake it hail bwm imimsiblc to break out more than 4 
feet of ground ahead of the timber sids without caving taking place. There had been an 
apparent movement in the soil which had removed its consistency and made it incoherent. 
The amount of water present in the tunnel was perceptibly changiKl. The foreman said 
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that there was moni water since the shock than there had been even in the wettest part of 
the winter. 

Svnol (R. Crandall). — Sunol is a small town in the north end of Sunol Valley. The 
intcasity of the carthciuakc there wa.s of <!S|M!cial intfirest, because the town lies almost 
upon the lin(^ of the Sunol fault. This fault is the largest one; known in the Mount 
Hamilton range;, and 1ms a northwe.st-southea.st tniiul parallel to that of the San Andreas 
fault. It was expected that some compensating movement might Ire found to offset the 
.slip along the San Andnias faidt, and this Sunol fault was considiinHl the one most likely 
to show that comjwnsatory movememt. The town stands partly on gravels and partly 
upon hard sandstone. The gravels ai’c <|uit(5 firm; much more so than the gravels on 
which th(! town of Niles is built. The; graveds at Sunol are not thick, and the foundation 
is much firiiu!!' than that at Niles. It was (|uitc appju’ent that Sunol had not hdt tin; 
shock as severely jis it had Imhui felt at Nik's, G mikis to the west, or at Pleasanton, (5 miles 
farther cast. Only a small percentage of th(* chimneys fell. Of other objects, few except 
bottles and vases fell; and a witulow was broken at tin; jiost-office. As there was no 
movenuiiit along the Sunol fault, tlx* intensity at Sunol was less than at. Niles, but the 
fact that it wjis also less than at Pk'asanton shows that tin; difference must be in the 
formations unck'rlying the two towns. 

(F. F. Matthes.) — ( )ver lo per cent of the chimiM'ys in Sunol wtin; broken. Some were 
twisted i!i a clockwise direction, while others w<'re ap])arently thrown straight, most 
of them to tlx; east. Many chimrx'ys were cracked but wen; still in place;. A few win- 
dows were brok(;n, rx)tably those; of the po.st.-offico. The towm is on alluvial ground, 
close to the hills. The (k'pth of alluvium is e.stimated at the c.reek-lx'd to l)e alxmt 
.')0 feet. Tlx; steel bridge southeast of the tovyn was found entirely undamaged. The 
flume bctwc(;n S\ux)l and Nil(;s was damaged at a point 2.5 miles bt;low Sunol. A few 
boards were knocked out of place, but the damage was slight and quickly repaired. 
Tlie Apperson house, a sul)st.anfially built structure with strong chimneys, had two of 
the chimn(;ys twisted aiul one left intact. 

Vmma (F. K. Matthes). — All the chimneys on the main hou.se of the Hearst residence, 
G in number, mm cracked, bnt none was thrown down. The studio has a long crack 
running imnx'diately above; tlx; projecting Ixjams supporting the roof, along the northeast 
wall, IS inches from tlx; (javes. No damage was occasioned to plaster or walls, except in 
the studio. The chimney of tlx; power-plant, at the foot of the hill, was found cracked. 
Tlx; “cottage;,” built of wood, suffered no damage. No windows were broken. 

Pteamnlm (R. tVandall). — The town is on a flat valley-floor composed of gravels, 
ai)parently the sanx; as those at Sunol, but of a later age. Probably the Sunol gravels 
washt down from tlx; hills to form a valley-floor. The ground upon which the town is 
built, then, is similar to that at Niles. The shock was felt quite sharply at Pleasanton, 
but not so much so as at Niles. Such article.s as vases, clocks, and dishes f(;ll in most cases 
and milk aixl water were spilt from op(;n vcs.sels. Practically no plaster fell, but houses 
that were plast(‘r(;d had nunx;rous cracks in the walls. 

The intensify, as shown by falling chimneys, was as follows: 30 per cent of all 
chimneys f(;ll ; 48 per cent of the brick chimneys fell ; 30 |)er cent of the chimneys were 
terra-cotta, but only 3 p(;r cent of these fell; of the brick chimneys which did not fall, 
30 per cent wen; crackt'd. 

(F. 10. Mattlx;s.) — About 50 per cent of all brick and tile chimneys in Pleasanton were 
thrown down. N(» marked preponderance in any one direction was noted. N«'arly 
every brick building in town was somewhat injuml. Cracks in the masonry and the dis- 
lodgment of occasional individual bricks in arches al)ove windows and cornices constitute 
the principal damage. The only stone house, a 2-story saloon, suffered more severely 
than any of the brick buiklings, the walls bt'ing badly crackcil at the corners and even 
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partly thrown down at the northwest comer. Wooden houses suffered no damage except 
the cracking of plaster. No window panes were broken. 

Two bridges near Pleasanton were inspected, one north of the town over An-oyo Valley 
and the other over Arroyo de la Laguna, 1.5 miles west of the town. These bridges rest 
on concrete abutments, and examination showed that in both cases the concrete had 
sheared horizontally by the longitudinal oscillations of the superstructure. The cracks 
were about even with the lowor side of the stringers. In the case of the first bridge 
mentioned, these cracks extended to the wing wall at the south end. A vertical crack was 
also found near the west corner of the south abutment, rumiing thru tlu) entire height of 
the structure. A similar crack was also found at the east corner of the north abutment. 
The disposition of these vertical cracks seems to indicate torsional movements of the 
bridgcj, with right-handed rotation. The concrete was of poor quality, being traversed 
by streaks of coarse gravel alternating with others of finer texture. 

Thru the courtesy of F. II. Tibbets and Harold Woods, surveyors for the Pleasanton 
Hop Company, access was obtained to their records on W(ill borings made in the neigh- 
borhood of Phiasanton. Most of these borings did not reach bedrock, but 2 of them did: 
one near the gravc^yard south of Pleasanton, which strikes disinUigrated shales at a depth 
of 275 feet; the otla^r 0.75 niihi northeast of Pleasanton, just south of tlie railroad track, 
which strikes similar material at a depth of 180 feet. 

Livermore (F. K. Matthes). — Many chimneys were crackcKl and about 50 per C(int 
thrown down. Several tall brick chimneys in various parts of tlui town were k^ft intact-. 
Those on brick piers between Livermore and Pleasanton were undamagiid. A block of 
old, weak-looking buildings northeast of the depot suffered no more than a f(nv crachs. 
Glassware in saloons and bars was thrown to the floor in quantities, in various directions. 
A heavy water-tank at the depot fell, owing to weakness of supports. 'J'he dircjction of 
the fall is north, but this is not necessarily indicative of the dircjction of the shock, as the 
wooden support probably gave way piecemeal. Concrete bridges about town were unhurt. 
The town is on alluvium. 

An interesting feature appears 0.25 mile north of M(^yn’s ranch, wc^st of the road leading 
north from Livermore, about 2 miles north of that place. It is on the summit of a smoothly 
rounded hill, sloping gently down to an even, peaty meadow Iraversod by the arroyo of 
Cayctana Creek. The hill is njally one of a number of spurs of the higher land south of 
the meadow. Its soil is peaty, with many sun cracks duo t-o recent drying. Dec^p cattki 
Iracks show that it must be (paite soft in wet weather, much like tlu‘ adjoining m(!adow. 
The summit of the hill in question was found crowned by a sori(!S of eoiiccintric deforma- 
tions, rising sUipwisc above on(^ another. A number of n(»arly concentric cracks w(u-e 
found extending northward into a sort of panhandk^, along eacli of whicli an upward 
moveanent of the soil had appanmtly taken place. The uplift along the 2 imncipal cnicks 
was found to be 19 and 10 inches, respectively. Along the minor cracks the v(Ttical 
displacc^iiK'nt amounted to an inch or two only. The surface of each sti^p or l)encli was 
found to slope inward, and in sonui places the edge even appciared to have curled inward. 
The material must hav(^ been w(it and more or less jdastic at tlu; time of the disturbance, 
but has since dried and hardened, as peaty soil will in dry wcatlu^r. Whik^ the jdienom- 
enon is described by many as a ''mud flow^' or "mud si)ring,'^ there arc no indications 
whatcv(jr of a "flow,” strictly speaking. The inward slope of the raised benches sug- 
gests the dropping back of the ccmtral portions after their upheaval ; the; sc.arps n^rnain- 
ing, probably, owing to the friction between the opposite walls of the fissures, which 
prevented the complete return of the adjoining edge^s to their foraicir level. The concern- 
trie arrangemcmt of the cracks seems to indicate a centralized upward thrust, and the 
small diameter of the entire deformation shows that the effect of the thrust rapidly 
decreased away from the center. While there is no rock visible, it is quite possible 
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that the hill has a sort of rock-corc, some distance below the surface. The shock felt 
at Moyn’s ranch was not particularly violent and caused no damage to the buildings. 
(See plate 141a.) 

(R. Crandall.) — Geologically, Livermore is on a floor similar to that of Pleasanton, but 
geographically it is about 6 mil(‘s farther cast and farther from tluj San Andreas fault. 
The shock at Livermore was not severe, and but little real damage was done. A few 
objects of unstable nature fell, and in the larger number of cases milk and water were 
spilt from opem vessels, but not in all cases.^ Most of the houses in town were not 
plastered, but only a few of the plastered houses had the walls cracked, and in only one 
case was plasUT known to have fallen. 

An exc(kent opportunity was afforded to see th(^ effect of the motion upon pendulum 
clocks. In one jewelry stores every such (dock stopt, n'gardless of the direction in which 
the fK*nduliim swung. One clock which had not been running before th(', earthciuakc, 
was started. Its pendulum swung in a northwest-southeast direction, as in the case of 
several clocks that stopt. About 5 p(ir cent of the brick chimneys f(dl, with less than 15 
per cent cracked. 

A curious phenomenon was observed near Liv(;riiiore, the explanation of which is not 
clear. At the Alviso ranch, a little over a mile north of tlu* town, the toj) of a small hill 
was broken up at th(^ time of tlu^ earthfiuake. The breaking of the ground did not con- 
sist of fissuring along a line, but was in the nature of an uplift of a limited area. There 
w('rc 3 fairly well marked concentric rings where the gi-ound had brokciii, the inside ring 
ill ('ach case being forced higher than the outside ring. The effect was similar to that 
obtained by placing 3 platiis of different sizes within each other. The accompanying 
photograph (plate 141a) shows this feature fairly well. It was said by people in th() 
vicinity that there was mud in the cracks at the time of the earthquake, but there were no 
evidences of any at the time of the writer's visit several weeks after the shock.^ 

(Elmer G. Still.) — The Southern Pacific Company's 2(),()00-gallon water-tank fell in a 
north-northwest dire(;tion; tombstones fell in various directions; a hanging lamp was 
caused to swing counter-clockwise, with the longer diameter of its orbit (\ast and west. 
Mr. Still was asleep and was awakened by the bed being shaken north and south; the 
motion after that was in every direction. AVater spilt from full tanks mostly on the east 
and wc'st sid(;s. Mr. Still n^ports that wh(a*e thi^ ground was dc^formed in concentric ridges, 
as d(\sc,ribed by Mr. Matthes and Mr. (Vandall, th(T(^ was an alkaline spring yc^ars ago. 

Santa Rita, 3 miles east of Dublin (F. E. Mat tlies). A small, flat levee along th(^ east 
bank of Tassajara Cr(M‘k, immediately north of the main road, show(‘d sev(a*al somciwliat 
crescentic cracks along which the ground had slipt down and toward th(^ creik from 1 to 
3 inches. These cracks ext(Mid(Mt fartluT south, according to local s(‘t tka-s, and crost the 
road; but this was no longer traceabli' at the time of th(‘, visit. Chimneys had falhai on all 
the houses, but. as tluw wen^ not of brick tlu^ <lamag(! was slight. In the grocery store and 
bar-room articles wviv. thrown in a southerly (Unction. 

DiihUn (F. 10. Matthes). — The damage consistcxl of a f('w chimneys broken off, and 
articles thrown down from shelves and countcTs. A watt*r-tank 2 mih‘s east fi41 from its 
sujiports, pi’obably owing to the weakness of tlu^ latter. SevcTal otlaa* tanks in the magh- 
borhood w(a’e injuriMl. 

San Ramon (F. E. Matthes). — Most chimneys had fallen. San Ranjon saloon, south 
of the bridge, slid off its foundations in a northerly direction. The west end moved 
3 feet, the east end about 15 inches, being stopt by a fencic-post. Several window paiu's 

• This may lx? conlrastcd with I*k*asaii ton, where at all the houses visited there was only one where 
milk was not spilt. 

* A somewhat similar phenomenon was scon on Cahill’s ridge in San Mateo County, but there was 
nothing to suggest an explanation. 
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were broken in the building, and glassware was wrecked in quantities. Neither church 
nor school-house suffered any damage. The shock was mostly in a north-south direction. 

Danville (F. E. Matthes). — Most chimneys were cracked or twisted; a few were 
broken off completely. Glassware in saloons and goods in a grocery store were thrown 
down in quantities in various directions. Water was observ(‘d to splash out from two 
tanks in the village, in a southerly direction in each case. Water-pipes laid over the 
surface of the ground at a neighboring ranch were reported to have been thrown out of 
alinement. 

Walnvt Creek (F. E. Matthes). — About 50 per cent of all chimneys were thrown 
down. A wat(T-tank at the livery stable fell. (Joods in the gnxn'ry stoi*(^ w('re thrown 
down in quantiti(\s. The direction of the shock was not ascertainable. Two barns, 
weak structures, were moved slightly from their fountlations. Plaster in several house's 
was cracked. 

Clayton (G. D. Louderback). — At the northern base of Mount Diablo the intensity of 
th(^ shock was much less than in the alluviate'd valley-bottom at Concord. No chimiu^ys 
were thrown down, and no dishes nor glassware were knocked off slu'lve's, but milk in 
pans was skimmed by the rocking motion. On a hillside above I’c'ach Tre'c Spring, on 
th(^ west side of Mount Diablo an<l very nc'ar the contact of the Knoxville shales and the 
Franciscan, a crack ojK'ned in the ground about 30 fex't long, in a north anil south 
direction, gaping 4.5 inchi'S. 

Concord (F. E. Mattlu's). — ("onditions here weri^ much the same as at Walnut Creek. 
The only brick building, a bank, was cracked. Most of the chimni'ys were cracked, and 
about 50 per cent had fallen. A water-tank at the di'pot was thrown down. 

Martinez (F, K, Matthes). — Most of the brick buildings here suffered si'vi'rely ; nearly 
all are more or less cracked, and the stone facing of several wns partly di^molished. 
The roofs of the bank and other buildings were wTi'cked. A small stone house, built 
of large blocks, was completely ruined, probably ow'ing to vigorous vibrations of an 
adjoining wooden water-tow^'r near the Alhambra Hotel. The stoni's staiii'd in the east 
abutment of Main Street bridge. Many window-i)anes were brok(*n. Most of thi^ chim- 
neys were broken off. The court-house was little injured, exci’pt^ for the pediment above 
the entrance, where many largi' stones have been loosi'iied. Oni^ of tin* chimni'ys of 
the Bull’s Head Oil Works lost a corner; the others were li'ft imdamagi'd. The railroad 
track I'ast of Martini'z, near Bull’s II(»ad Oil Works, w^as thrown 3 inchi'S out of alini*- 
ment to the north. Many cracks occurred in the embankmi'ut on both sides of the track. 
A si'ries of 5 small transvi'rse waves was found in thi^ (‘inbankmi'iit about 0.5 mill' WTst 
of Pi'yton Station. The distance between crests w^as about 10 to 15 feet; amjditude 
estimated at 3 inches. This embankment lies in flat marshy land. A small railroad 
bridge near Avon Station was throwm 4 inches toward the east abut.ment, but it had been 
repaired at the time of the visit. 

(W. Stoddard.) — Buildings wwe loosened in general, the fronts of some falling out. 
The north and south walls seemed to suffer most. I’arts of a large woodi'ii building, 
particularly the window-sashes, w'ere moved in a southwesterly direction. The wooden 
props supi)orting another building w'ere tilted a little toward the southwest. Another 
building was moved 0.5 inch tow^ard the south. The southern i)art of the town was 
damaged more than the northern part. In the cemetery 6 slabs and pillars fell a little 
east of north; 2 pillars fell to the west; 2 pillars weri' twisted on their bases and shifted 
to the west; 1 [>illar was tilted to the south immediately next one which fell to the east. 
A clock at the court-house had its pendulum broken. The pendulum was about 2 feet 
long. The level of the underground water rose after the shock. 

Cornwall and Black Diamond (E. S. Larsen). — The towns are about 0.5 mile apart, 
both located on the bay flat and underlain by a tough hardpan. A very few things 
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were thrown from shelves; one rickety chimney was thrown, and one (concrete wall in 
process of construction fell. Less than half th(; clocks were st()i)t, though lu'arly all 
sleepers were awakened. Most of the houses are small and hav(^ tc'rra-cotta chimiK^ys. 

Antioch (E. S. Larsen). — Antioch is on the same sort of ground as Cornwall, but 
there are more brick buildings and mor(‘ mod(‘rat(i-siz(Ml buildings with brick chimneys. 
A few chimn^'ys wH*re twisted on their bases, several w^^re thrown (*niir(ily and about 
25 per (?(‘nt of them necd(‘d rc'pairing after the shock. Out of about 12 brick buildings, 
the tower of tlu? Catholic church was somewhat darnagtul, and oiu^ rie.k(‘ty old brick 
building fell. None of the good buildings were damagwl. A coui)le of windows were 
broken, a f(*w clocks w(‘r(' stopt, and a few things whtc thrown from slielvivs. Top-heavy 
statuettes tipt over. All sleepers were awakened. Things ge*ne‘rally me)ve‘d north and 
south, or northwest anel soutlie^ast, which seeme‘d to bei the ge*ne*ral impre?ssie)n of the 
direction. 

Bethany y San Joaquin County (Mr. Sehichtman). — The movement was from north- 
east te) se)iithw'e\st, anel was suffieient to splash wateT from a full tre)ugh, but not strong 
enough to overthrow' obje'cts. 

Byron Hoi Sjrrim^Sy Contra Costa County, — The sj)rings, some 30 in number, hot and 
ce)ld, w'ejrei not afTected by the eartluiuake. One' chimne'y and some^ plaste'r weTe cracked 
anel a picture was thrown from the; wall. The; she)ck was ceaisideTeel epiile; se;ve‘re;, though 
the damage w^as slight. 

Tracy (It. Crandall). — Tracy, in the San Joaquin Valle^y, lies at the foot of the range 
se'parating Livermore Valley from San Joaeiuin Valle;y. The shock was not at all sove;rc; 
in fae;t it w'as spoken of by s('V(;ral as be;ing ne) heavier than the jarring e)ften occasioneel 
by heavy engine's starting a le)ade;d train. Very few^ objects fell, and in only one case 
W'as any damage elenie to a buileling. This w'«as the cracking of a 2-story brick build- 
ing W'hich diel not appear to be espe'cially weil e;e)nstrue;ted. Only one brick chimney 
cracked, and none fell ; so it would appe'ar that the buileling cracked because of the 
pe)or construedion rather than be'cause of the intensity of the eartheiuake. Milk or 
w'ate;r was spilt in enily few' case's — ne)t over 30 jx*!* en'iit. The water-lank e)f the 
Se)uthern Pacific railroad at Trae'.y fedl, as elid similar tanks at Livermore, Pleasanton, 
anel Lathroj). The re'ason for this is ex])lained in the description on a pre'ce;ding page 
of the construe;tion e)f the tank supports at Nile;s. 

• Lathroj) (R. Crandall). — This is a small town ui)e)n the' ne)e)r of the Seiii Joaquin Valley, 
about 12 mile's east of Tracy. The inte*nsity was about the same as at Tracy. Tlie'ie; 
was no appreciable* difference; in the numbe'r e)f fallen ehjects ea* ste)pt e*le)cks, the main 
difference; be;ing that a ceniside'rable number e)f pe'ople; wene ne)t alarme'el e*nough to ge*t 
up. One man whe) was up exp('rience;el no elifliculty in standing or walking. The; 
ge'iieral imja'cssion is that the she)ck was slightly lighte'r than at Trae*y, 

Stockton (R. Crandall). — Ste)e;kte)n is abenit 10 mih's north of I^athrop, but not much 
fartlier e'ast. As it is a mue*h large*r place', it was easie'i* te) see the effe*e*ts of the; earth- 
(juake. Ne)t as muedi de'taile'el w'e)rk wjis ele)ne in Ste)e*kton as at the' e)the'r plaex'S, sine*e 
it W'as kiie)wn that Mr. lOdwarel lluglu'S w'as colle'e*ting elata in that city. The shock 
was felt w'itli alarm by pe'e)ple in he)use's and e)n the' gi e)unel. The' motion was spoke'ii of as 
being a re)lling me)tie)n like that fe'lt on boarel ship. Alme)st no e)bjee;ts fell, eve'U in he)use's 
whe;re; there w'ere tall vase's and similar bric-a-brac. At erne elrugstewe; t vve) little vials 
fe;ll from the she;lve's; at anothe;r eve'ii built-up i>yramiels e)f varie)us article's for w'indow' 
eiisplay w'ere undisturbeel. Milk anel wate'i* were spilt in a very few cases. Splashing 
of milk uj) the side's e)f the i)ans was m)te*el by a few' persons, and the dire'e*t.ie)n was given 
as ne)rthwest and southeast. Many clocks we're; ste)pt, but the're w'as ne)thing ce)nsiste'iit 
in the direction of peneiulum nie)tion. All of the big brick builelings w'ere visitexl, anel 
no damage was founel except in an olel 2-story building which seemeel me;iely to have 
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had an old crack widened, due to the settling of the foundation. The City Hall had 
considerable plaster cracked, but this was due to the swaying of a 50,(K){)-gallon tank 
on the roof. Three chimneys were cracked, and one was reported to have fallen, but 
this was not verified. At the houses where the chimneys were cracked, milk was not 
spilt from open pans, so it is apparent that the chimneys were faulty ami not that the 
earthquake was severe. 

(E. Hughes.) — A careful and exhaustive inquiry was made at Stockton by Mr. Edward 
Hughes, under the direction of Prof. J. C. Branucr, and the following notes are con- 
tributed by him: 

The shock, while strong enough to alarm many of our people, was chiefly notable for 
the absence of the tlestructive effects exiK;ricnced in many less fortunat(! localities. It 
began with a gentle trembling motion, which increased slowly for the first 5 or fi seconds, 
tijcn rapidly to a maximum of rough jolting shocks lasting perha])s fi seconds. These 
wore followed by a series of long, sinooth vibrations, which gradually ihicreased in am- 
plitude until no longer perceptible. The effects, as noted by many observers, would 
indicate that the heavier shocks traveled in a northwest-southeast direction, while the 
smooth oscillations which marked the latter part of the disturbance ran nearly cast- 
west. The imm(Hliatp effects, as nol('d in dw('llings, during the shock were the creak- 
ing and straining of buildings, the swmging of iloors, the rattling of wimlow weights 
and pictures on the walls, the swinging of chandeliers and droje-lights, and the stopping 
of clocks. Out of doors, some observers claim to have noticed the swaying of tall build- 
ings and smoke-stacks; and many mention the violent motion of the trees, the branches 
of which lasht together as if in a storm. Birils frightened from their resting places flew 
in confusion, and the air was filled with their startled cries. 

A careful canvass of the city gives the following results in the way of damages sus- 
tained : There were a few small cracks in the arches in the hallways of the county court- 
house. It is safe to attribute this to faulty construction rather than to the violence of 
the shock, as a number of large cracks had opened in various parts of the building soon 
after it was finished. One water-tank was overturnc'd, the supporting framework being 
insufficiently braced; this taidc fell about 15° ca.st of south. 

A large gasometer at the natural gas well on north Commerce Rti-e(!t was slightly 
damag(;d. Castings supporting tlu; guicki wheels were broken, anil the gas lank was 
slightly twisted to the left so that the guide wheels were thrown off the guides. 

In two or three cases in the city, the tops of chimneys fell off. Examination .showed 
that the mortar had never properly united with the bricks, owing probably to their 
dryness when laid. In sevei’al cases houses sufferetl damage by the spilling of water 
from attic tanks. 

Aside from these cases of relatively insignificant damage, everything gives te.stimony 
to the comparative gentleness of the shock. In china .stores, where fragile wares wen; 
displayed in all sorts of insecure positions, not a jiicce wa.s displaced or broken. So 
far as can bo learned, no plaster fell {uiywhere in the city, and there was no bre.akage 
of bric-iVbrac or china in the dwellings. ()b.s(!rvers who watchi'd the minute hands of 
clocks that were not .stopt estimate the duration of the shock at from 30 to 10 .seconds. 

The heavier shocks were undoubtedlj’^ from northwest to southeast. This was shown 
in several ways. Tanks spilt water in both these directions, and the tank noted above 
fell nearly to the southeast, although its frame ran approximately east and west, and so 
offered some resistance to free motion to the southeast. In McCloud’s Lake, the waves 
ran northwest-southeast, breaking highest on the bank and bulkhead in the southeast 
corner, while the north side was little affected. At the city pumping station on Mormon 
Channel, a similar effect was noted. Several observers claim to have seen tall buildings 
and stacks swaying in the direction indicatcil, and tho.se who were standing were con- 
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scious of the movement of their own boclies in the same direction. Milk in ojK'n vessels 
left a coating of cream highest on the northwest and southeast sides, although in njany 
cases motion was also shown cast and w'ost. 

While there is not entire agreement with reference to the east and west vibrations 
during the latter part of the shock, the larger number of observer's plainly felt and saw 
their effects, and the evidence as to their occurrence seems conclusive. Doors swung 
east and west; swinging objects, such as drop-lights, hanging baskets, etc., were founcl 
cither swinging east and w(*st or in circles after the shock, and pictures hung on north 
and south walls of rooms showed lateral motion during 'the latter part of it. Tanks in 
several cases spilt water east and w'cst, although not in such (quantities as in the other 
directions. 

The following table indicates the effect of the shock on the 128 clocks concerning which 
reports were received ; 


Oricfliution. 

Number of 
Clockfl. 

Stopt. 

Not Stopt. 

Facing west , . 

32 

17 

15 

Facing north . . 


IS 

IS 

Facing cjist . . 

27 

13 

14 

Facing stint li . . 

33 

]() 

17 

'i’otal . . . 

12S 


01 


Clocks with very long or very short pendulums were generally not stopt. Two town 
clocks were not stopt. One of thes(!, which, through the courtesy of Mr. E. B. Condy, 

1 was permitted to examine, is in the tower of the county court-house. Its franni stands 
north(!ast and southwest; and its 100-iK)und i)endulum, hung on the northwest side of 
the frame, swings northeast and southwest, missing the (‘dge of the iron stand about 
0.5 inch. A d(H'i) scar in the mahogany pendulum bar indicates that during the shock 
the pendulum swung sharply to the southeast, its bar striking the edge of the iron stand. 
I’he weights of the same clock hang in a narrow shaft at tlu* side of the tower. The 
wire pulley cords which sui»i)oi't the weights were found so badly twisted as to interfere 
with wincling the clock a day or two after the eariluiuake. On the inside of many 
clock-cases are found scars made by the striking of the pendulums. Tlu'se scars are 
deepest on the south side in clocks facing east or west, and on the west side in clocks 
facing north or south. 

Some p{!r.sons who were outdoors during the shock claim to have' laiard a. dull ruml)ling 
sound iminodiat(‘ly im'ceding it. Tluiy tind it difficult to di'scribe the sound accurately, 
and in some cases think it may have cmanabid from ne.arby buildings. A considcirable 
nuinlKU' of peoi)le suffenal from nausi'a and dizziness, with luiadaclu;, for a time after the 
shock. With some tlaise disagreeable symj)toms persisted all the following day. 

Farmington, Sun Joaguin (Unmtu (J. F. (Jwin). — The house (|uiver('d, then the sash 
weights of the windows began striking bac.k and forth, and a heavy rolling motion was 
felt which caiiscul ojmmi doors to swing back and forth. Tlie (dock stopt. The surface of 
the ground moxaul in waves lik(f water, and trees moved with tlu; ground. 

Central San Joaquin Count]! (E. P. Iligby). — In Rangers G and 7 hi., town.shij)S 1 and 

2 N., Mount Diablo Meridian and Base line, tlun'o were ai)parently 2 maxima of e(iual in- 
tensity with inb'rvals of a few seconds between. The appanmt direction was SW. to NE. 
No obj(!c.ts nor (dnmneys w(irc overthrown. The bed shook, and (‘handelicrs, pictures, oiam 
doors and shutters w(ir(! caus(!d to swing. Windows and window weights rattled. The 
clock did not stop. Paper on the walls was cracked, 'riu; slate roof on a high church 
tower was cracked. There was scarct'ly a breath of wind, yet large tnuis swayed and bent 
as if rocked by a terrible gale. Water in the wind-mill tank and in other tiinks slopt 
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over, and continued to do so for 5 minutes after the shock. Water was thrown from a 
swimming tank where the level was 5 feet below the top of the tank ; water at one place 
in the river was thrown over a concrete wall 8 or 9 feet high. 

Modesto (E. Iiugh(\s). — In common with other points in the great interior valley 
region, Modesto received a very decided shaking up by th(^ eartluiuake, but suffered 
practically no damage. The local effects were the stopping of clocks, th(i swaying of trees, 
hanging baskets, drop-lights, and chand(Jiers; and in a few cases tlu? fall of obj(K*.ts from 
ins(^cure positions in stores and dwellings. Water tanks and troughs, milk pans, etc., 
spilt part of their contents, and in one or two instances cracks optmed in buildings. 
No one, so far as known, ac^tually timed the duration of the shock in sc^conds. 

The observations of many persons in and near the town indicates tliat the vibrations 
were in two principal dii'cjctions : viz., northwest-southeast and approximately west-east. 
The iK^avier shock se('ins to have Ix^en in the first direc,tion, but obs(irv(^rs are not in entire 
agreenujiit on this point. Clocks of larger* size were (iiiite generally stopt, no matter in 
what direction tiny faced. Several pcTsoiLS report having Inward a roaring or rumbling 
sound, beginning a few seconds iK^fore and continuing until the (^nd of the disturbance; 
and a number of people were affected by symptoms somewhat like sciasickness for several 
hours after it. 

The following detailed notes were obtaiiu‘d from citizc^ns of Mcxlesto and vicinity: 

(Mr. Schaffer.) — Trees swayed northwest-southeiist. '‘Tlie Swan,'* a new building 
with green walls, crack(;d at the junction of the c(‘iling witli the northeast end wall; also 
at tlui junction of the ceiling with the firci-wall running thru the contcu* of the building from 
northwest to southeast. The cracks in both cases were on tlu^ second (the top) floor. 
The building faces northwest. 

(Player’s Drug Store.) — Boxes on shelves on the northwest side of the store fell toward 
the southeast. 

(Mr. Swanson.) — Saw water spilt southeast-northwest from the railway tank at the 
depot. 

(A1 Fogarty.) — Meat markc^t. Mr. Fogarty ran from Ukj building, and on rciturning 
after the shock he found drop-lights and a butchcTs’ scale, suspended by a singhi wire 
from the ceiling, swinging in a diniction parallel with tlu* strei't, northwest-southeast. 

(Green Brothers.) — Heard a roaring sound just b(^foro ihi) sliock. F(dt the bed swing 
northwest-southeast. Plaster sifted down from cracks in tlu^ cc'iling. 

(E. E. AVoods.) — Mirror hanging from southeast wall fell, on account of breaking of 
the cord, on its face toward th(^ nortliw(\st. 

(Mr. Chapman.) — Ranch 5 miles southw(\st of Mod(*sto. Water trough orienlcHl nortli- 
south spilt water from both ends. 

(Georgia T. McCabe.) — The bed was standing north-south. The first motion was east- 
W(‘st, th(^ s(‘cond and maximum motion was northw(\st-south(*ast. Tnu^s swayed north- 
west-southeast. The window sash droi)t. 

(Mr. Rid(^r.) — Water in the stnu^t gutters moved west-(^ast in the first part of the 
shock; in the second part, northwest-southeast. 

(Mr. Schaffer.) — Twenty-one miles southejist of Modesto. The sliding doors on a barn 
fronting (last moved north and south n^jHatedly dui’ing the shock. A wat(^r trough a 
few feet away si)ilt water east and west. 

(Johnson and Ross Store.) — A j)il(j of paint cans stood north wc^st-southeast. Several 
cans fell to the northeast. 

(G. W. Elscy.) — A tall, opem-framed “Mission” clock facing soutlu^ast w^as found after 
th(^ shock with its pendulum lodgcnl on the toj) of a cross-bar of th(^ frame. The position 
of th(^ pendulum indicated a coiisiderabhi increases in the amplitude of its vibration north- 
(^ast-southwest in order to allow it to swing high enough to lodge. There were several 
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similar cases of lodged pcmdulums in clocks facing in the same direction. Mr. E. Elsey 
also noted a water-tank spilt east and west, and tro(\s swayed in the same direction. 
He heard a rumbling sound. 

(H. Ilintze.) — A wat(T-tank spilt east and west. A hanging lamp swung in the 
same direction, dropping its chimney to tin; (^ast. A bed on the porch rolhid east and 
west. He heard a rumbling sound during the shock. 

(Editor of the Daily Herald.) — Bed moved north w(^st-south(^Just. 

(Farmers' and Merchants' Bank.) — The vault is built ui)on a foundation independent 
of the r(\st of the building. TIk; front of the vault, facing southwest, is continuous with 
a lath and piaster partition which extends to the ceiling. On the h^ft is a wash-room, and 
on the right an opening into the room at thc^ side* and back of the vault. The plaster 
partition is cracked wliei’e it joins the top of the vault and part way down the sid(‘s, proba- 
bly indicating a greater amplitude of motion in the building than in the more solidly 
constructed vault. 

(W. A. Hartcu*.) — At C(Tes, (i miles south of Modesto, a tank s{)ilt north-south. 

(\V. R. High.) — One mile north of Modi^sto, a tank spilt north and south during the 
(^arly i)art of the shock, and east and west latv.r. Trees swayed north-south. 

(I^mpire Stables.) — Drop-lights swung and water in trough spilt northwest-southeast. 

(A. L. Holtharn.) — Milk pans on shelf supported by wires spilt milk west. The 
shock was prcjceded by a roaring sound. 

(Modesto Gas Works.) — Water in the gasom(‘ter tanks spilt northwt^st-southeast. 
A chan(l(‘licr in the building hung by a 0.375 inch gas-pipe 12 feet long; after the shock 
was ov(T this chandc^li(T was swinging north('jist-southwest. 

(J. T. McN(u»ly.) — Station agi^iit saw the railroad wat('r-tank spill northwest-southeast. 

(Editor of the News). — A watei-tank belonging to .1. llric^, 2.5 miles southwest of Mo- 
desto, was ov(‘rthrown to the west. 

The following wen? th(i clock n^cords at Modesto: 


Ori«'iiintioii. 

Nuinix’r of 
(*lo(’k8. 

Stopt. 

Not Stopt. 

Facing nortlirast . . 

4 

a 

1 

Facinj^ sou thrust . . 

12 

e 


Faring!; soutliw(*st . . 

7 

r> 

*2 

Facing!; iiorthwrst . . 

7 

4 


T<»ial 

M) 

21 

9 


Ceres, Slavisinvs Covnty.— Tin* shock was f(*lt, but is reported as not severe. 

Oakdale, Stanislavs County (F. G. Keid). — Tin* shock schemed to be in a northeast 
and southwest direction. In the school-house, a 2-story brick building, timbers lying 
in a nortlK'ast and southw(*st din’ctioii were loos(*ned from tiu' concrete at the ends, but 
those ext(‘n(ling normal to this wen' not aflectc'd. Clocks stopt. 

(E. (\ (Vawford.) — A fhig-poh' 110 feet high swayed ai)i)arently nortli and south; 2 
clocks stopt; wat(T in a tub moved north and south; and a stand lamp seemed to tip 
slightly north and south until steadied; luit no ol^jects were overturned. 

Westley, Stanislavs Covnty (W. G. Garey). — The town is on adobe soil with gravel at 
a depth of 20 feet. Furniture and pianos were movc'd across floors from the walls toward 
the south, and quite a numluT of pic'ces of furniture W(?ni topph'd over. No chimiK'ys 
wc?r(i damaged, but s('V(Tal larg(‘ wat(T-tanks were demolished. These demolish(?d water- 
tanks tliru the country s(?em to have be(»n rotated about one-fifth counter-clockwise. 
Cars on tlic track wi‘re moved at least a foot. At the railway depot, a l,400-j)ound iron 
wheel was rolled liack and forth for a distance of 9 feet northwest and soutlieast. There 
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were 2 maxima in the movem(3iit of the earth, and th(j second wiis the stronger. Some 
men sleeping on a scow on the river 2 miles cast of Wcstlc^y heard a rumbling sound before 
any shock was felt, and came out of tlui scow to see what it was. Then the shock came 
and the waters rollctl and foamed. 

COAST RANGES EAST OF THE RIFT AND SOUTH OF MOUNT HAMILTON, AND THE 
WEST SIDE OF THE SAN JOAQUIN VALLEY FROM WESTLEY TO DUDLEY. 

In the coast rang(3S on the eiist side of the Rift, south of Mount Hamilton, and along 
th(3 w('st sid(3 of the San Joaejuin Valkty, sel tkniKints are fiiw and wuk^ly scatt(3red, so that 
opj)ortunili(\s for obtaining data as to th(3 dist ribution of inb^nsity w(3re corn^spondingly 
rar(\ This territory was cxamiiKid by Mr. CJ. F. ZofTinan, undcM* the direction of Prof. 
J. C. BraniKM’, and tlie results of his observations and of othcjrs are embodied in the 
following report: 

PacJwco Pass Road, — Starting from Hollister, th(3 county seat of San Ikmito County, 
the writer went up the Pachec.o Pass road ovc^r the Mount Hamilton rangcj to Jx)s Banos, 
in the San Joaquin Valkiy. TIkto ar(3 but few brick or stone chimneys in this luiighbor- 
hood, and iiKpiiries wore directed to the si)lashing of milk and the hilling of dishes and 
ot.h(ir movable objects. At the entrance to the canyon thru whicJi the road winds, 
scv(3ral houses w(a*e visited. Only a few dishes had been broken and milk was thrown 
only from pans well filled. At Bell’s Station no damage was done Ix'yond the loss of 
milk. Higli bottk'S and dishes standing upon shelves were uninjured. The residents 
say that the vibrations W(T(3 from east to west, and had a rocking motion. Before the 
shock a rumble was distinctly Inward coming from the west. 

At ranch-houses about 5 miles northwest of Bclfs Station, and farther up in the moun- 
tains, the shock was of considerably less intensity. 

Momitain Home, — The shock was reported as having bec^n vijry mild ; no dish(!s wen? 
thrown from shclvcis, nor milk splaslujd from pans. The j)ropri(3t.or statics that the 
(wtlKiuake b(3gan with a north and south moveuKuit whiiJi la((T changed to (he east, and 
w(\st. The shock here should be rated at V. 

(ioing down into the valley on the cast side of th(3 Pa<*li(‘co Pass the intensity of the 
shock perceptibly increased. At a ranch house 7 mil(*s from tla^ pass, nc'arly all tluj milk 
was thrown from pans and all tlui wat(‘r from tanks. In a well wh(*r(; the watiu* was 7 feet 
from the surface, some was thrown out. As notinl by onc^ gentK*man, water was thrown 
from a tank, first from north to south, clianging later to east, and W(*st. 

Sail Lvifi Ranch, — At th(3 (;ast caul of the vall(*y, on tlui San laiis Ranch, Mr. Mills 
stated that he distinctly fc^lt th(j vibrations begin from north to south; th(a-(3 was tlaai a 
lull of a few s(3conds and then followed a very notic(^•lbh^ east and w(3st movaanent. Th(i 
surfac(3 of the ground is said to have ihovcmI up and down lik(3 the wav(‘S of th(3 oc(‘an. 
Thruout. this vall(*y, which is mad(3 up of grav(*ls d(‘i)osit(Ml on firmer rocks biaiiaith, the 
shock apiM'ars to hav(i been laairly uniform. 

Los Ba7ios, — On (‘m(*rging from mountainous districts into thcj deep alluvial plains 
of the San Joa(iuin Valkjy, the intensity of the shock incn'as(‘d, until at Los Banos it 
rcaiched a maximum. A count of th(3 chimiHys showed 57 p(T cent (17 out of »*>()) falkai. 
All the brick chimneys were daniagcal, as shown by the ac^conipanying jJiotographs. 
(Plate 123 b, c.) Apecuiliar feat-un^ of the effect ui)on th(3S0 structures was that all the 
damage wjis on the northeast and southw(3st sidc^s. Frame buildings were not dajiiagcxl 
beyond the falling of plaster, or th(3 throwing down of chiinn(*ys. According to the 
statements of the r(\sid(*nts, and the data o))tainable, the vibrations werci north and south. 

Volta, — Out of 7 chimneys (> were thrown down by the shock. The plaster in frame 
houses was considerably damagcMl, but none of the buildings was thrown from its 
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foundations. The town had no brick structures. The water of the nearby irrigation 
canals had, in places, been thrown up on the banks as much as G feet above the usual level. 

Nevman. — From Los Banos toward Newman the intensity of the shock appears to 
have decreased. At the latter place, out of 8 brick buildings only one, just constructed, 
was thrown down; one was cracked, while the remaining G were undamaged beyond the 
falling of a little plaster. Sixty per eent (36 out of 60) of all the brick chimneys fell, 
altho little other damage was done to frame houses. A man who saw the 53,000-gallon 
railroad water-tank fall stated that at the beginning of the shock it began to sway north 
and south, changing later to cast and w(;st, and finally falling toward the west. 

Crow’s Landing. — Out of 18 chimneys only 3, or IG^ per cent, fell. Considerable 
water was thrown from the tanks. At a brick oil-pumping station al)out 4 miles north 
of Crow’s Landing a few cracks were made in the walls. The large oil-tanks and water- 
tanks were undamaged. People in this neighborhood state that the direction of the 
vibrations was first from noith to south, changing later to cast and west. Opinions differ 
on this point. Many also state that a circular motion was perceptible. 

Grayson and WeslUy. — The town of Grayson is on the banks of the San Joaquin River. 
No damage was done by the earthquake. A very few things were thrown from the shelves, 
but no chimneys wer(! thrown down. At Westkiy all the chimneys were found intact. 
One poorly braced railroad water-tank fell, and one remained standing. The people in 
this district maintain that the direction of greatest intensity was north and south. 

From WesUey to Mount Hamilton. — From Westley the writer traveled up the Arroyo 
del Puerto over into San Antonio and Santa Isabel Valleys and up to Mount Hamilton. 
Tljcr(' are but few houses on the cast side of the summit, and but little data was collected. 
The Iwst was obtained at the Pluenix Quicksilver Mine. Here there arc several brick 
buildings and chimneys, but no damage at all was done to them by the earthquake. In 
th(! tunnel there was no shifting of strata. At Mount Hamilton Observatory a couple of 
chimneys were cracked, but none fell. From Mount Hamilton, the writer went to 
Paicenes, in San Bfuiito County, thru the Panoche Valk^y to Mendota, thence to Coalinga, 
Dudley, Cholame, and Pciachtn'c. 

Paicenes. — Going from Hollister toward Paicenes the intensity of the earthquake 
rapidly decreased. At the latter place, which is on the gravels deposited by Tres Pinos 
Creek, none of the chimneys (3 in number) were damaged, nor were the clocks stopt. 
Water and milk were thrown from their receptacles in an east and we.st direction. 

Elkhom. — At the Klkhom roadhoiise there were 3 clocks ; the one facing north was 
undisturbed, while the other 2, one facing .south and the other cast, stopt. No water 
was thrown from the troughs nor milk from the pans. A few miles northwest of Elk- 
horn, the milk was thrown from pans on the northwest and southc'ast sides. The infor- 
mation obtained from the residents in roganl to the direction of the vibrations was very 
contradictory. 

Emmet Post-ojfice. — At Emmet milk was thrown out in small quantities, but no 
movable objects were move<.l or upset. Near the summit bctw’con Tres Pinos Creek 
and the Panoche Valley, the shock w'as so slight that people did not think of arising. 
Nothing was thrown over, nor w^as milk splasht from pans. From Paicenes, when* the 
intensity may be rated at about VI, it gradually dccrcaseil up Tres Pinos Creek until at 
its source the intensity was about IV. 

Panoche Valley. — This region lies on the east side of the Coast Ranges. At the head 
of the valley the shock was so slight that some of the inhabitants were not awakened. 
On going farther down into the lower ground where the soil is deeper, the intensity w'as 
slightly greater. At the Panoche store water w'as thrown from the tank, but no dishes 
were broken. After leaving Panoche Valley, no definite information w'as obtainable 
before arriving at the Chainey Ranch 14 miles west of Mendota. This ranch is on the 
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plains on the west side? of the San Joaejuin Valley. The superintendent said that water 
was thrown out of troughs in a northeast and southwest direction. Movable objects 
were not disturbed. 

Mendota. — Mi^iidota is on the low alkali plains on the west side', of the San Joaquin 
River in Fresno County. The intensity of the shock was coinparativc'ly light. In the 
town there w(^re 17 brick chiniiKiys and not one was thrown down. The railroad tank, 
two-thirds full of watcT at the tinier, was shaken down; but it was very insecurely built 
and only a very small vibration was necessary to overthrow it. Hotth's anti otht'i* unstable 
articles w(U‘e not disturlxMl. The proprietor of one of the hoit'ls, who was up, stated 
that the first niovcMuent was ('ast ami west, the second north and south, terminating 
with a decided twist. People who observed the plains at the time said that they assuin(‘d 
a wave-like appt'aranee, and that trains rose and fi‘ll as the undulations past beneath 
the tracks. Tlw.y also state that this wave motion was confimMl to 1h(' north and south 
movement, the east and west motion being more in the nature of a tremor. In the irri- 
gat(*<l lands south of Mendota, consid(*rabl(‘ water was thrown from the canals. 

Mcndola to Coalinga . — At an oil-j>umi)ing station 10 mil(‘s south of Mendota, there 
wore 10 large tanks; of these the roofs (unsubstantially brac('d) of 0 caved in, and much 
oil was thrown over tin* sides. TIk^ brickwork of the furnac(\s was not cracked. At 
the rancli-hous('s, about 0 miles east of tin* pumping plant, milk and water w(‘re thrown 
fromtlieir n^ceptach's, and considerable damage' was done by the bn'aking out of the 
head gat(\s in tlui (canals. TIk' din'c.tion of great(*st intt'iisity is said t.o have bei*n c'ast 
and W(^st. Many j)eoj)l(^ in this region sulTered from a naust^ating sensation following 
the quake. 

Conliwja. — The tops of a few of the walls of brick buildings w('re slightly damaged, 
as shown by the accompanying photograph. (Plate 123i).) A few dishes and bottles 
wer(' thrown from tln^ shelves, and water was sloi)t out of the tanks, but nom* caj)- 
sized. The direction of greatcist intensity of tlu^ vibrations was northeast-soul hw(‘st. 
At the oil wells no damage was done <'ither to w('lls or ])i|)(‘ liiu's. At a pumping station, 
th(i brick lining of the furnace was cracked slightly. Considerable* oil was thrown from 
the tanks. In a larger reservoir (containing No. 10 oil (v(*ry heavy), the (jil was thrown 
up 10 inclu'S on the iiorth(*ast and southwest side's. In a pump having No. 10 grade, 
th(* oil was splasht 3 f(^et uj) the sidi*s. 

Dudley. — CJoiiig south from Coalinga thru the Kc'ttleman plains, tin* intensity of 
th(^ shock appan^ntly decreasc'd, tho there W(*re so f(*w inhabitants that it was iini)ossi])l(* 
to g(!t definite data. At Dudh^y Station (a farm-hous(*) nothing on the slielvc's was 
disturlx'd nor had milk or ^vater sloj)t ovct. It was (*vid(‘nt that the earth(piake 
was less intense than at (kjalinga. Filtering the mountains w('st of I)udl(*y, th('re was 
a further (h'cn^ase in the intc'iisity. 

Cholnwe. — At the east side of the Cholame A^all(*y, the* oecupnntsof a ranch-house 
had not felt the shock. At Cholame Post-oftic-e tlu* shock was felt, but v(*ry slightly. 
The iKistinaster stated that it had a rocking s(*nsation ratluT than a shaking one. At 
the Cholame ranch a mud chimney about 7 fec't liigh was l(*ft standing out by its(‘lf, 
unharmed, but very ins(Hair(\ 

Parkfield. — Near Parkfield there an^ fissures in th(^ earth, bearing N. 45® W., known 
to have c'xistcd siiuie the first coming of white men. In soim* jilaces the di'pri'ssions are 
35 feet decjp. Tln^se fissure's were! not r(*op('ned at the time of tin* lat(' eartli(|uake. 

tiionc Canyon Coal Mine. — At the coal mine the shock was very noticeable. The 
firi'inan on duty the morning of tluj (*arth(iuake statt'd that tin* smokc'-stacks, 35 feet 
high and guyed, swung considi'iably in various directions. No shifting occurred in the 
strata of the underground workings. It was stated that tin* movt'nu'iit was nortlu'ast 
and southwest. 
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Peachtree. — As Peachtree was approached, there was a perceptible rise in the inten- 
sity. About 2 miles cast of the post-office, dishes had been thrown over and milk spilt 
from pans. At the station itself, however, nothing had been overturned. The region 
visited Ixitwcnm Cholaiiuj and Peac^htrcc is in small valleys lying in the mountains on the 
west side of the Salinas Vall(^y. The soil is nowhere* de(^p. 

Cantua Creek, Fresno County (S. C. Lillis). — The shock was severely felt in this region, 
and its direction was south(*ast-northwest. A series of landslides causinl by the earth- 
quake wen^ reported by Mr. Lillis, (extending from the northwest corner of T. 18, U. 
14 JO., M.D.M. to the middle part of T. 15, II. 11 E., a distance of about 23 miles. The 
feature's were not at first recognized by Mr. Lillis as landslides, and as thi^y occurred on 
the east side of the Coast Range's, on the border of a portion of the San Joaquin Valhiy, 
where the intc^nsity was abnormally high, the hypothesis was entertained that there 
might have b(*(*n a supph'inentary fault in that region along the edge of the mountain 
range. The remarkable*, alinement of the features lent support to this suggestion. Th(i 
region was, however, subseciuently visited by Prof. G. I). Loud('rback, in company with 
Mr. Lillis, and the features report(*d by the latter were found to be landslides. Pro- 
fc'ssor Louderback furnishes the following note regarding them : 

The phenomena reported l)y Mr. Ttllis are several landslides. In each case the effect of 
the movement can be followed in detail and sharply delimited. The form of the moved body 
is tyj)ically that of the landslide in each case, with the cliff at the upper end curved and 
concave toward the lower j)art of the slope. The mass has moved away and downward, 
leaving in some instances an open space or fissure, partially filh^d at the present time (May, 
1907) by caving. The back cliffs, followed around, gradually pass into lateral planes of 
n»ovement<, which themselves are sometimes gaping on the more elevated side, showing a 
forward and slightly lateral movement of the mass. (See plate 125b.) 

No general fissure, fault, or rift was observed passing thru or near these landslides, altho 
a careful search was made for such features. I suspected at first that there might be such a 
rift-line, because the landslides arc approximately along one line or belt. This appears, 
however, to be due 1o the fact that one particular formation is especially favorable to land- 
sliding, all the slides t hat 1 saw along the lower part of the range being associated with a 
thick reddish-brown shale of a definite stratigraphic horizon (Tejon?). The general struc- 
ture of the range causes the rocks of any given horizon to outcrop along a line roughly 
j)arallel to the range front (aj)proximately northwest-southeast). The landslides all lookt 
fresh, and according to Mr. Lillis several of them (and probably all of those under con- 
sideration) were caused on A])ril IS, 1906. 1 made a trip across the hills from the valley 

to New kiria and noted nothing that aj>i)eared to be a recent seismic line. 


EAST SIDE OF THE SAN JOAQUIN VALLEY SOUTH OF MODESTO AND THE ADJACENT 

PORTIONS OF THE SIERRA NEVADA. 

In this H'gion information regarding the intensity of the shock is rather scant. The 
shock was in g(*n(Tal not sufficiently s(*vcre to excite alarm, and p(*o])le as a rule did not 
note car(*fully its eff(^cis at tlu* time. Such re(*ords as are available indicate that an 
intensity ranging from VI to V pn*vailed to the eastern edge of the valley, but that it 
(lied out rapidly in the mountains b(*yond. 

Merced, Merced County. — Clocks generally were stoi)t, and hanging objects w^ere 
caused to swing. One chandelier was observed to swing north and south, and then in 
a circle. 

Madera, Madera County (F. E. Smith). — The j^rincipal disturbance w^as preceded 
by a tremulous motion for about 10 seconds. There were 2 maxima in the principal 
disturbance, the second being tin*. strong(*r; and a tr(*mulous movement succeeded it. 
The a[)parent directiem of the movement was from southeast to northwest, and objects 
were overturned toward the northwest. Tlie duration of the shock was thought to be 2 
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minutes. It was severe enough to rattle windows and move doors; to cause the bed 
to move; to swing hanging objects and stop clocks; and to overthrow ornaments, vases, 
etc. , but not to throw chimneys. In other parts of Madera County the shock was reported 
from Daulton, Magnet, and Gk>ld, but without sufficient details to afford a clear idea of 
the intensity of the shock. 

Fresno, Fresno CoutUy (A. C. Olney). — No. VI of the Rossi-Forel scale describes 
conditions here quite accurately. There was a general awakening of sleepers, oscilla- 
tion of chandeliers, stopping of clocks, and considerable agitation of trees. Some people 
ran out of their houses. Water in troughs was spilt out, etc. No damage was done 
to buildings. 

(J. P. Bolton, observer of the U. S. Weather Bureau.) — At the time of the earthquake 
Mr. Bolton was on the third floor, standing near a window. The time of the shock was 
S'* IS*" 30*. The first shock lasted about 10 seconds. It stopt clocks, swayed build- 
ings, gasolicrs, furniture, unlocked-doors, window-weights and shutters. There was a 
short interval of cessation, then a second shock which lasted about 30 seconds, but was 
less severe than the first. It had a tremulous motion which gradually died away. Each 
shock developed its greatest intensity near its be^nning. The apparent direction was 
from south to north. The intensity of the first shock was sufficient to sway the stoutest 
building and disturb its contents without displacing them, and to damage walls slightly. 
The only sound observetl was that caused by the jarring of the building, etc. Many 
dogs barked vigorously shortly before the first shock. 

Reedley, Fresno County (John Fairwether). — ITic shock was north and south; 
clocks stopt; some plaster was cracked, but no chimneys fell; a front door which was 
locked was caused to swing open. At Conejo water was slopt out of ditches to the 
north for 40 feet. At Jameson 2 distinct shocks were fdt. At RiverdaJe, han^ng 
objects were caused to swing. At Kingsbury, a slight shock w^as felt. At Fowler 3 
wells were filled with sand. At Sanger a clock was stopt. 

Visalia, Tulare County (F. A. Swangcr). — A rocking-chair rocked vigorously north- 
east and southwest, but no shifting of the chair was observed as it rocked. The swell 
and fall of the earth-wave seemed strong. 

(A. M. Doty.) — Four shocks were felt in Visalia, the last being the most pronounced. 
The town clock and almost all pendulum clocks in the city stopt. The vibration was 
from north to south. The Delta Building, a two-story brick structure, swayed to the 
south so perceptibly that it seemed difficult for it to regain its equilibrium. When it 
did sway back, the tin roof rattled as if some one were pounding on it with a hammer. 
Practically everybody in Visalia was aroused from sleep by the quake. 

Dinuba, Tulare County (Miss L. H. Tindall). — There was a smart shock. A clock 
at the bank stopt. A crack in a brick building was so enlarged that the wall had to be 
strengthened by rods. A chandelier swayed from south of southwest to north of north- 
east. Elsewhere in Tulare County shocks were reported at Exter, Kaweah, Orosi, 
Porterville, and Tulare. 

Bakersfield, Kern County (A. G. Grant). — The shock was strong enough to rattle 
windows and doors. Oil slopt out of tanks in the oil-fields 5 miles to the northeast 
of the city. Some clocks arc reported to have stopt. 

Isabella, Kem County (Stephen Barton). — Mr. E. King, lying in bed, noticed the 
swin^ng of a pistol scabbard suspended by a strap directly over his head. 
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EAST OF THE SIERRA NEVADA. 

Data Coiaaictkd bt Geo. D. Loodbbback. 

General note . — In the towns along the east base of the Sierra Nevada and within 25 or 
30 miles of the base, the shock was distinctly felt, movable objects were seen to swing 
and heard to bump or rattle, and a very small number of persons were awakened. 
Farther east the most notable feature of the reports is that wherever the effects of the 
earthquake were made evident, the physical signs, sucb as the swinging of suspended 
objects, etc., were described almost to the exclusion of direct physiological effects. This 
is apparently at variance with the principles upon which the Rossi-Ford scale is founded, 
as the first 3 grades of intensity, beginning with the lowest, are based on feeling; the 
visible disturbance of objects not beginning until grade IV is reached. This may be 
due entirely or chiefly to the following conditions : Settlements arc few and far between 
and many contain a very small number of inhabitants. When the earthquake occurred, 
the great majority were asleep, and the few who were up were moving about at active 
work and w(;re in general not of a sensitive tyjKS. It is therefore probably impossible 
to get satisfactory and correct statistics indittating the distribution of the zones of inten- 
sity of the first 3 grades ; and the sensible effects of the earthquake probably extended 
much farther east than reported. 

Perhaps the most important of the physical signs reported is the dLsturbance of smooth 
water surfaces. In five instances, at three different localities, ditch tenders or irrigators 
noticed an agitation of quiet water surfaces and that the water lightly splasht against 
the sides as if from low waves, or as in a vessel of water when it is slightly tilted. As 
the morning was clear and entirely without wind, it imprest them as peculiar, and the 
matter was reported when they went to breakfast. The suggestion of one that some- 
thing peculiar had happened, and of another that it was an earthquake, was each in its 
place the incitement of sallies of wit at the expense of the reporters. When news of 
tho California earthquake reached these places several hours afterward, the time was 
found to agree as closely as determinable with the phenomena of the morning. In each 
of these coses, however, it was reported that no shock was felt. It is suggested that 
with moderately long waves such surfaces may prove very sensitive indicators of inten- 
sities down to the lowest degree on the scale. 

The farthest point east at which earthquake effects were reported was Winnemucca, 
about 340 miles from the fault. A careful search was made for persons who had felt or 
seen indications of the shock. Only one apparently authentic case was found, and that 
was of a nurse who had retired a little after 5 o'clock, after a night’s work at the County 
Hospital. She was lying quietly in bed and felt no disturbance whatever; but noticed 
a hanging lamp swing gently back and forth. Careful inquiry at newspaper offices, 
the telephone office, the post-office, and of the railroad agent, the weather bureau ob- 
server, and many individuals in different parts of the town, failed to discover another 
observation. This is rather remarkable, because Winnemucca is a town of considerably 
over 1,000 inhabitants. It is believed that the one definite report obtained is correct; 
and, as corroborative testimony, may be added the reports from two other localities 
almost as far cast as Winnemucca, in which similar phenomena were described (in one 
the disturbance of a water surface, in the other a swinging lamp), with the further simi- 
larity that no shock was felt. 

The elongation of the intensity zones in a northwest-southeast direction is marked. 
The strongest effects cast of the Sierra Nevada were felt with practically the same in- 
tensity from at least Sierra Valley to Lone Fine (about 250 miles along the range), while 
50 miles east of the Sierra the intensity had materially lessened, and 100 miles east 
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reports are practically unobtainable. This agrees, of course, with the elongation of the 
locus of disturbance. 

It also appears probable that the sensible effects extended farther along Humboldt 
Valley, which is practically parallel to the direction of propagation, than along those 
lines where successive mountain ranges were iliruwn across the advancing waves, as in the 
southern Nevada region. 

In most cases the direction of vibration was given as north-south, or northwest-south- 
east ; tho in two or three cases north of w(*st to south of east, or east-west, directions were 
given. Modi of the clocks repoidcd stopt faced north or south ; a few facetl west. 

In a few e-ases the statement was made that there were two shocks very close together, 
but most of the observers did not distinguish more than one. 

D(‘tails for the various localities follow : 

Round Hole, 70 miles north of Reno (F. McMillan). — A distinct earthquake was felt 
which lastcid several seconds. 

Pea-vine Mountain. — A number of I'anchers and miners were up at the time of the earth- 
quake, on tlui north side of Peavino,, about 10 or 12 miles northwest of Reno. No one 
noticed the shock nor any indications of it. 

Reno. — The sho(!k was distinctly hJt by a number of pensons. Some* were awakened. 
The great majority knew nothing of it. A good account was given by Mr. Jensen, of 
the U. H. Weather Bureau. He was in the office to take instrumental readings. The 
office is on the fourth floor of a rectangular brick building, longer oa.st-west than north- 
south. He heard some pictures rattle and thought tlie janitor was getting remarkably 
industrious downstairs ; then he noticed that th(ty w(!r(; all rattling and surmised that it 
was an earthquake. Ilis attention was attracti'd to an electric bulb on a long wire hang- 
ing from the ceiling, only a few inches from the west wall. It was swinging so as to hit a 
metal nipple on a pipe in the wall, thus making quite a noise. The building seemed to 
shake east-west. 

Olmghouse. — Many were intervicwwl, but none had felt the shock. Wliile there are 
one or two vague reports, it is probable that no one really felt the (fff(*cts at this place. 

W adsworth. — A canvass failed to elicit any d<‘finite account. The. postmaster claimed 
he talked with many people, but knew of none who had observed the shock. 

Hmen. — Quite a number of people were interviewed, but no good definite account could 
be obtained. Most people decidedly had not felt it, and were not sure of any one; who had. 
There were one or tw’o hazy reports of iwrsons who were supposed to have felt or observed 
it, and one man admitted having noticed a “light shock.” 

Virginia City. — Only a few jx'rsons noticed the shock. Mr. 1). T. Smith was sleeping 
on tho third floor of a rectangular building that stands east and west. He woke up and 
felt a mov'ement of the building. An el(*ctri(! glolw! suspended by a cord from tho ceiling 
(about feet) swayed about 1.5 inchcNs wif.h an elliptical movement, the major axis a 
little north of west. No one else in tin? building notici'd it. 

Wubuaka. — A few are reported as feeling a “jar.” No one noticed the direction. 

Yerington. — A few felt th(* shock. It was light and descrilx'd as north-.south. One 
jKjrson in bed but awake said tin; bed rocked and a curtain swayed north-south, producing 
a sort of dizzy s(‘nsation. 

Fallon. — Thr(*e persons were found who claim to have Ix'en awakeneil ; they were all 
women and light slec'jx'rs. One (Mrs. 1C. W. Black) awol^ and heard a noise which she 
thought was the rattling of the window weights. Another (Mrs. I. H. Kent) awoke; 
hearing a noise like the rattling of a window. She also noticed a bird cage; and a hang- 
ing plant swing in a north-south direction, the distaircc from the point of sus{)en8ion to 
the center of gi’avity of these being about 5 ft'ct. Others in the same houses noticed 
nothing. 
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It is reported that ditch tenders on the Government irrigation canal noticed a disturb- 
ance of the water surface, and light splashing of the water as if by low waves or rocking. 
They reported it at camp in the morning some hours before news of the California earth- 
quake arrived. Direct testimony is lacking on this point, tho the report was generally 
l^lieved at the Reclamation Service Offices at Fallon and Haam. 

Fairoiew. — Reports from several sourcej* are to the effect that no shock was felt, and 
no distinct evidence of the earthquake was observed. 

Lovelock. — Several clocks are said to have stopt, but some of the reports, tho direct, 
seem to be unreliable. Several persons were awakened. One (Mr. Dawkins, principal 
of the Lovelock School) felt a slight shaking; others heard a noise as if a person were 
knocking, or the blinds or ventilators hail rattled. One feared the powder house had 
“gone up.” (F. J. Gunnell, A. G. Bosk, C. H. Valentine.) The clock in the hotel is 
said to have stopt. It hangs on an east-wi'st wall and faces south. Tlie station clock, 
in a similar position, was also reported stopt. On several ranch(%* 8 to 12 miles south of 
lx)velock the irrigators noticed waviis or splashing in ditches or canals, and reporteil the 
same at breakfast that morning. Diteh(‘s extend north-south ; the slope is very low, 
almost horizontal, and the water surface smooth and quiet. (John Sullivan, irrigator 
for Lovelock Commercial Co.; Peter Naker, rancher; James Jensen, son of rancher, etc.) 
One rejjort sjxjaks of a lanip swinging. Tliose who saw the effects on water surfaces, 
and others in general, felt no shock. 

Mill City. — The station agent said he had no pasitive indications of the earthquake 
and no one felt it. 

UnionviUe. — Tom Powell, a rancher 4 miles south of Unionville, says that his wife 
woke him about daylight, and called his attention to the lamp swinging. They felt no 
shaking. Tliey noticiid later tliat a fine dust from the adobe walls had crumbled down on 
to the surfaiic of the cream. 

Winnemvrea. — A rather thoro canvass of the town was made because it is the farthest 
ca.st at which any report of the earthquake was made. Only one definite account w'as 
obtained, and it is believed to be reliable. Mrs. Sloanc, nurse at the County Hospital, 
had been on night duty and had just retired. As she lay (]uietly in bed, she noticed a 
hanging lamp with pimdant glass {msms swing. It swayed, in her judgment, nearly 3 
inchi's, not far from cast and west. She called her husband’s attention to it and suggested 
that it might be due to an carth(|uake. It continueil swinging some time. No shock 
was f(;lt, nor was swaying of the building noticed. The railroad agent, the weather 
bureau observer, w'ho was up at the time, the postmaster, tho employes in the telephone 
ofRce, the ixjople in both of the newspaper offices, and a number of other people in various 
parts of town, all said that they had felt no shock and had seen no effects of it, and knew 
of no one who had, except a h;w who had heard of the cast; of Mrs. Sloane. Another 
jHjrson, reported by one or two as having felt the shock, was interviewed, but claimed 
that she had felt no shuck and that the report must have been started as a joke. 

Hmvthome. — Two clocks are said to have st.opt. Mrs. Taylor describiHl the shock 
as a tremor, as if a jKJt dog were scratching and passing the bed, followed by a distinct 
movement toward the north and back toward the south. Mr. Brodigan, in the second 
story of the court-hou.se, felt iiuitc a shake. 

Mina. — The shock was distinctly felt by some. In the store it was said that the 
building distinctly swayinl, the dishi>s and tinware on the shelves making some slight 
rattling. In the telegraph office the clock stopt. The shock was very slight, and felt by 
only a few. 

Bodie (E. B. Brooks). — The shock was perceptible; some clocks stopt. It was 
noticed by occupants in some 2-story buildings, but was not gimerally felt. 

Mono Lake. — A slight shock was felt on the west side of the lake. 
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Canddaria (C«harles N. Hatt, weather observer). — He did not feel the shock and knew 
notlung about it until the newspaper report came. 

Lam. — Ten or more persons noticed the shock, which was slight. W. M. Richards 
stated that there were 2 shocks, one almost immediately after the other. The first was 
a gentle rooking motion, the second small jerks. The total duration was about half a 
minute. 

Tonopah. — Several communications were to the effect that no one had noticed any 
indications of the earthquake. 

OoUfidd. — Several reports were received to the effect that no shock was noticed. 
A report was in circulation that the springs had changed somewhat in thmr flow, but 
the Superintendent of the Western Reclamation Company (F. A. Thompson), who keeps 
a very close watch of the wells and springs, says there was no change at all in the flow 
nor any other indication of an earthquake. 

Ewreka (Clay Simms). — A sli^t shock was felt, the movement being from west to east. 
It seemed to last for about a second. It made lum^g objects swing, but did not stop 
clocks. 

Bishop (W. A. Chalfant). — The shock was strong enough to waken many persons 
asleep. Large clocks in the jewelers’ stores were stopt. The length of the vibration was 
unusual, but was not timed. The earthquake was not felt as a sharp shock, but rather as 
a long and not severe rolling motion. Doors, windows, window weights, etc., were 
shaken, and han^g objects, such as incandescent bulbs, swayed back and forth thru an 
arc of 12 to 18 inches, double amplitude. No damage whatever was done to property. 
Doors on the north and south sides of buildings seemed to have been affected most. In 
one instance a box of dry goods was moved about 3 inches. Out-of-doors the rumble of 
the shock was noted by a few persons. 

Independence (Mrs. E. M. Brooks). — Some clocks were stopt and windows rattled, 
but few fdt any shock. 

Lone Pine. — A number of clocks were stopt, all facing north or south. The shock 
was noticed by only a few persons. According to one description, there were 2 shocks a 
few seconds apart. It seemed like a rolling movement, and a han^g lamp was noticed 
swinging north-south. Trees shook. 

Keder. — Only 2 or 3 persons noticed the shock. It was only idightly perceptible. 

In gathering information concerning the California earthquake of the morning of April 
18, as felt in the Western Nevada region, two other closely succeeding shocks were brought 
to light, one of which had much stronger local effects than the greater but more distinct 
earthquake. 

The Earthquake of April 19, 1906, about 2’’ S” P. m. : 

This shock was mentioned by so few persons that I was at first inclined to consider it 
ima^nary. It was reported, however, by reliable persons not known to each other in 
three different towns. The most definite accounts are as follows : 

Heno (Miss Lewers). — Observer on the third floor of the Agricultural Building at the 
University, in the photographic laboratory; felt a very distinct shock, but did not re- 
member the direction of movement. 

Olinghouse (Miss Norris). — The person reporting and her sister were sitting in the house 
and felt a distinct shock. Fearing it was the forerunner of a larger earthquake, they ran 
outside. 

Haeen. — A shock not generally felt was noted distinctly by Mrs. MacGregor, at the 
Reclamation Service headquarters. 

The Earthquake of April 19, 1906, 8" 16" to 8" 30" p.m. (Intensity, IV-V.) — This 
earthquake was distinctly felt along the east slope of the Virginia range and the valley 
land directly cast and not far north or south of Lat. 39** 31'. Wherever reported it was 
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much etnmger than the shake produced by the California earthquake of the previous day. 
It was generally felt at Hazen, Wadsworth, Olin^ouse, and neighboring places where 
it is hard to find any one that noticed any effects of the great quake. In Hazen it rattled 
windows, made gas jets and lamps swing, and doors swing on hinges. The rmlroad 
station dock is said to have stopt. At Wadsworth, it made the windows rattle and caused 
some fear, owing to reports of the San Francisco disaster. One person describes it as a 
quick sharp shock like a blast. At Olinghouse also it was fdt as a sharp shock — one 
called it a quiver — and caused windows to rattle. It was fdt as far east as Brown's 
Station. It was apparently not fdt at Fallon, tho^ was distinctly felt 12 miles west at 
Carson Dam. In the Reclamation Service camp at Femlcy it was quite strong, as fdt 
on the groimd in the tent. Judging from its areal distribution, it is suggested that this 
earthquake is rdated to the fault along the east base of the Virginia Range. The rough 
time estimates vary from 8 to 9 o’clock, but in cases where the time was noted more par- 
ticularly, the variation is between S'* 15"* and S'* 30”*. The vibration was apparently 
northwest-southeast, or north-south, at Hazen. At Femley (a short distance south of 
Wadsworth) it was described as northeast-southwest. 

OBSERVATIONS OF J. A. RUID. 

Professor J. A. Reid, who has been engaged for some time past in a geological study of 
the fault-zone of the eastern flank of the Sierra Nevada, made an examination of various 
faults with wUch he was familiar, with the view of ascertmning whether or not evidence 
could be found of movement at the time of the earthquake. No such evidence was, 
however, found. He also made an examination of several hot springs along the base of 
the mountiuns, to ascertun what changes, if any, had been caused by the shock. The 
only ones which seem to have been affected are the Steamboat Springs, 12 miles south of 
Reno. 

In addition to making these examinations. Professor Reid obtained some valuable 
information regarding the intensity of the shock, as ^ven in his notes which follow : 

At Reno people were not generally awakened. There were no exact records of the time, 
direction, or intensity of the shock. The movement was large, but slow, and of long 
duration — probably about 40 seconds in total. The clock of ex-meteorological observer 
S. B. Doten stopt. An extension incandescent electric light, on an 8-foot cord, so ar- 
ranged that it could swing only north-south, was set swinging thru a 3-foot arc. This 
was on the first floor of an old wooden house, and gives some indication of the magnitude 
of motion and time of oscillation. Mr. Doten was awakened by the shock and coimted 20 
seconds of lesser motion after he was fully conscious. No noise was heard. Another 
observer was awakened, and saw a 4-foot light and cord swing about 18 inches nearly 
east-northeast and west-southwest. At the University of Nevada similar lights were set 
swin^ng with a large east-west comimncnt of motion. 

At Steamboat Springs the shock was felt as a long, gentle swing. A second shock, 
Bcemin^y as hard as the first, was felt the second or third night after. At the Rocky 
Hill Mine, in the foot-hills of the Virginia Range, midway between Steamboat Springs 
and Washoe, the shock was not felt by men at work, and loose rock in the main tumiel 
was not dislodged. 

At other points between Steamboat Springs and Carson, as at Lakeview, Washoe, and 
Lewer’s Ranch, the earthquake was felt as a long, gentle swing. At Bowers Mansion, 
a few feet from the steep granite escarpment of the Sierra Nevada, all sleepers were 
awakened by the shock, which appeared to have greater intensity near the harder, more 
elastic rocks than in the loose valley deposits. The same result occurred in Carson 
Valley, south of Carson. At and near Genoa, directly at the base of the 4,000-foot scarp 
of the Sierra, the shock generally awoke sleepers, and trees were noticed to swing as in 
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a wind. A few miles eastward, however, in the river-laid valley deposits, the shock 
was felt by very few persons. 

In the town of Crardnerville, some few miles cast of Genoa, a number of people com- 
plained of a feeling of nausea while eating breakfast at the time of the earthquake, but 
felt no motion. In all cases the shock felt was characterized by lung, gentle motion; 
in no cases was sharp movement experienced. 

At Virginia City, about G miles cast of the Rocky Hill mine, the shock was felt by very 
few people, and they were in the tops of the higher buildings. Around Dayton and 
nearby towns no reports came of persons feeling the earthquake. The Virginia Range 
seems not to have been greatly shaken. At Carson, the most reliable and abundant data 
were obtained. Mr. C. W. Friend, the well-known meteorolopcal observer, obtained a 
seismograph record of the shock,' which was by far the heaviest ever reconled by him, 
the stylus of the instrument swinging entirely off the plate. Yet the motion was so 
gentle and of such a long period that sleepers were not generally awakened. The time 
of oscillation was not determined, but was dcscritxHl as being like the swinging of a ham- 
mock. The seismograph record is peculiar in that the stylus apixtars nearly to have 
retraced its course over one large curve. Carson lies about 3 miles east of the steep 
rise of tlu! Sierra Nevada, with a deep deposit of riv(5r wash between. At the south- 
wt«t, however, a low hill of schistose rocks just enters the town limits. This structure 
may play a considerable part in the peculiar motion of the earth here in this and other 
earthquakes. 

At Paradise Valley, north of Winnemucca, the earthquake was felt by the few people 
awake or moving at that early hour. A rancher who happened to be near a small pond 
noticed an unusual agitation of the water, and supposed an earthquake to be the cause. 
The time was subsequently found to correspond with that of the shock, as reported 
elsewhere. No motion was felt, however. 

EXPERIMENTS WITH A SHAKING MACHINE. 

By F. J. Roorrs. 

The investigation described Ixdow was undertaken with the hope of offering some 
explanation, based directly on experiment, of the greater destructiveness of earthquakes 
in regions where the foundations of structures an; supported by more or less soft ground 
than where these foundations are based on solid rock. 

As an earthquake consists in the actual shaking of the earth’s crust it would .seem, 
upon first thought, that the more rigid the foundation the more destructive would be 
the effects of the earth(]uakc upon the structures so supported. This is in general not 
true, however. 

In conversation with Dr. Branner, the groat desirability of some experiments on this 
subject was suggested to the writer. In the first experimemt which promised any inter- 
esting results a bucket of molding sand was poured out upon a board about 20 x 30 
inches. The board was shaken in a horizontal direction through an amplitude of 2 or 
3 centimetem, by means of a small motor. When the sancl was moderately wet, the 
amplitude of vibration of the top of the mound was greater than the amplitude of vibra- 
tion of the board on which the sand nested. This result is contrary to what I should 
have expected. When the result of this preliminary cx{x;rimcnt was reported to Dr. 
Branner some time .afterwards, he was greatly interested and urged the writer to carry 
on a series of similar experiments on a larger scale, the same to form a part of the report 
of the Earthquake Investigation Commission. As a result the apparatus dcscribefi 


' This seismogram is referred to in another part of the report. 
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below was designed and was later constructed by tiie Mechanical En^neering Depart- 
ment of Stanford University. 

In designing a shaking apparatus to imitate an earthquake, certiun conflicting con- 
ditions must be taken into consideration. It would seem tliat the apparatus ought to 
be on as large a scale as possible, but if it is on a large scale, it must ne^ be very expen- 
sive. If the linear dimensions are increased in any ratio, say trebled, the volume, 
weight, strength, and {)ower to operate must be increased in the cube of this ratio; hence 
if the linear dimensions are trebled, these quantities must be increased 27-fold. More- 
over, it is obviously impossible, at any cost, even to approach the scale on which nature 
acts. With these considerations in view it was dccid^ that the scale of the apparatus 
should be as small as is consbtent with obtuning results from wluch general conclusions 
might be drawn. 

Earthquake motions are exceedin^y complex, but it was not thought worth while 
to imitate this complexity, but rather to confine the shaking motion to a simple to-and- 
fro horizontal motion in one direction. 



A side elevation of the apparatus as finally constructed is shown in fig. CO. A is a 
direct current motor, B is a balance wheel weighing about 75 kg. The connecting rod, 
instead of being driven by an eccentric, is driven by an adjustable crank, E, which 
allows the stroke to bo adjusted to any value up to 10 cm. C is the car, whose internal 
dimensions are 100 x 3() x 30 cm. The car is carried on steel rollers, D, D, 4 cm. in 
diameter. The car, balance wheel, and motor were all mounted on a heavy framework 
securely bolted together. The drum 0 was mounted on an entirely indeptaidcnt sup- 
port. A paper wrapt around the drum received traces representing, (1) the motion of 
the car, (2) the motion of a block F set in the material on the car, and (3) the beats 
of an electromagnet I, electrically connected to a seconds pendulum. (The pencil 
actuated by the electnjmagnet was on the same side of the drum as the other tracing 
pencils, instead of being on the opposite side, as shown in the figure.) The block F was 
^ cm. square and was furnished with side pieces running 6 cm. down into the sand, so 
that its motion was necessarily the same as the material immediately under and sur- 
rounding it. 

The experiment consisted in loading the car and then shaking it by means of the motor, 
with various amplitudes and frequencies. While the car was being shaken, the drum 
was rotated by hand, and the relative motion of the car and the block embedded in the 
load was determined by measuring the traces on the paper wrapt around the drum. 

The material with which the car was loaded was limited almost exclusively to ordi- 
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nary building sand from a creek bed, combined with various amounts of water. Some 
experiments were made with gravel, but lack of time and the necessity of completing 
the work for publication in the report of the Earthquake Investigation Commission 
prevented more extensive experiments. 

When the car was loaded with moderately dry sand contuning 10 per cent of its weight 
of water or less, it was plain to direct ol^rvation that the sand was moving almost 
perfectly with the car, so long as the frequency was less than 2i double vibrations per 
second. However, if the sand was wet locally by pouring water upon it, it was also 
very evident that the wet sand did not move at the same rate as the nearby dry sand. 
In the first place, the amplitude of vibration of the wet sand was greater than that of 
the dry sand; and in the second place, the reversal of motion was much quicker in the 
case of the former than of the latter. In the region between the wet and the dry sand, 
the difference in the relative motions of the two, causes the surface to be broken up by 
crevasses which open and close periodically. This breaking up of the surface is quite 
irregular, varying from moment to moment. 



For a precise determination of the relative motion of the car and the sand with which 
it is loaded, it is necessary to measure the curves traced on the revolving drum described 
above. The method of doing this will be best illustrated by taking a particular case. 
Fig. 61 is a copy of one of the curves obtained on the drum. The lower sinuous curve 
is the trace made by the pencil attached to the car; the middle zigzag line is the trace 
made by the pencil attached to the block embedded in the sand; the upper line is the 
trace of the electromagnet beating seconds. In this particular case the sand contuned 
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all the water that it would hold, so that it was very soft, almost semi-fliud. The amount 
of water was determined by weighing a portion of the wet sand and then weighing it 
again after it had been thoroly dried. In this case the material contained 20 per cent 
of water to 80 per cent of sand. 

The traces show at a glance that the amplitude of the motion of the sand was much 
greater than that of the box. By reference to the transverse lines oa^ and W, it is ob- 
vious that the motion of the sand lags behind the motion of the box — in this case 
about one-sixth of a complete period. Finally, the difference in the character of the 
two motions is shown by the sine curve in one case, and the zigzag line in the other 
case. The sine curve shows that the car has a simple harmonic or pendulum motion, 
as must necessarily be the case on account of the way in which it is shaken. On the 
contrary, the block embedded in the sand moves with an approximately uniform velocity 
until the end of the “stroke,” when its motion is very quickly reversed; after which it 
again moves with uniform velocity until its motion is again quickly reversed. The 
acceleration at the instant the motion is reversed is a proper measure of the quickness 
of reversal. This acceleration can not be measured, but the average acceleration during 
a short interval of time while the motion is being reversed can be determined. If cd and 
cfdf (see fig. 6) arc drawn at corresponding parts of the curves, then the lengths of these 
lines are proportional to the times required for corresponding changes in the two motions. 
The square of the ratio of these two times, divided into the ratio of the two amplitudes, 
gives the ratio of the two accelerations during the motion cPd. The closer cd is taken 
to P the greater this ratio becomes. In the present case, in which cd is drawn at one- 
tenth of the amplitude from P, the ratio of the two accelerations is about 3. As moving 
forces are always proportional to accelerations, the bearing of this result on the destruc- 
tiveness of earthquakes is evident. 

The data obtained from fig. 61 may be presented as follows: Load shaken, sand 80, 
water 20. Depth of sand, 22 centimeters. Frequency of motion, 1.7 double vibrations 
per second. Amplitude of car, 4.5 centimeters. Amplitude of block in sand 8.5 centi- 
meters. Lag of block, one-sixth period. Ratio of accelerations at reversal, 3 or greater. 

A large number of experiments were made with a load of wet sand having the above 
composition. Results similar to the above were obtained whenever the frequency of 
the motion was rather small. However, when the frequency of the motion was con- 
siderably increased, or when the ratio of water to sand was changed, the results obtained 
were quite different. In general the less water the sand contains the more nearly does 
it move with the car. The accompanying tables contain results from a large number 
of experiments in which the composition of the load and the frequency of motion was 
varied. 

The data from these tables are plotted in figs. 62 and 63. In all cases the number of 
complete or double vibrations per second is plotted along the a>-axis, while the amplitude 
of motion of the block embedded in the sand is plotted along the y-axis. The points 
representing observations do not fall upon smooth curves, but this is hardly to be ex- 
pected from the nature of the experiment. 

The data as illustrated by the plots show that when the load consists of sand and water 
in the ratio 4 to 1, for low frequencies, the sand oscillates through a much greater ampli- 
tude than the car, and that the amplitude rapidly decreases as the frequency increases 
and becomes quite small for frequencies of 3 or 4 per second. On the contrary, when 
the load contains only 15 per cent of water, it moves with the car, for low frequencies, 
and the amplitude increases with the frequency. The results actually obtuned are 
subject to a large probable error, but there can be no doubt about the decreeing ampli- 
tude with increasing frequency in one case and the opposite result in the other case. 
When the sand contains about 15 per cent of water, it seems to be more adhesive and 
more capable of packing into a relatively compact mass. In this respect it is distinguished 



330 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


ResuUa of experimenia in which compoaUion load and frequency of motion waa varied. 


VfATwm: Sand** 20 :80 

Wa«: Samd-* 17: 83 

Water: Sand - 16:85 
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6.2 
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on the one hand from the soft and semi-fluid condition with a larger {jcr cent of water, 
and on the other hand from a more friable condition with a smaller per e(*nt of waler. 
When the load contained only 12 per cent of water, the motion of the block embedded 
in the sand was very nearly the same as that of the car. For the data given, the motion 
of the block for the higher frequencies was slightly but unmistakably greater than the 
motion of the car. At another time, when there was about thjs same j)er cent of water 
in the sand, the motion of the sand was just as unmistakably k?8s than that of the car, 
altho by only a small amount. In the latter case the sand was probably somewhat 
drier and less adhesive than in the former case. In still another experiment, in which 
the sand was very much drier, containing prolmbly less than 5 per cent of water, the 
amplitude of the motion of the block was distinctly greater than that of the car, at least 
for frequencies of 3 per second. Of course this docs not refer to the motion of the loose 
sand on top. The motion of a layer 1 or 2 cm. deep of such loose, dry material was 
always much less than the motion of the car. 

In the above discussion we have been solely concerned with the motion of the block 
embedded in the sand in the middle of the car. The sand on the bottom and mjar the 
ends of the car has but little relative motion with respect to the car. A board thrust 
downward into the sand showed by its motion that the relative motion of the sand with 
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respect to the car increased from the bottom to the top. That the whole upper surface of 
sand in the car did not move together with the same spoed was quite plain to direct 
observation. When the sand was very soft and wet, it rose and fell near the ends in the 
form of incipient waves, which, however, were not propagated away from the ends, three- 
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quarters of the surface remaining practically level during the vibration of the car. 
When the sand contained less water, the surface midway between the ends and the middle 
of the car was badly broken up by crevasses and ridges at right angles to the direction of 
motion. 

It doubtless frequently happens in river valleys, coastal plains, or "made land” that 
a very soft water-soaked subsoil is covered with a erust of more solid ground. This 
condition of affairs was imitated on a small seale. A lower layer 13 cm. thick of very 
wet sand containing 20 per cent of water was eovered by a piece of oilcloth, and upon 
this was placed a layer 12 cm. thick of much drier sand containing 10 per cent of water, 
and tamped into as compact a condition as possible. The block carrying the tracing 
pencil was embedded in this upper layer. If the whole load of sand had been like the 
top layer, it would have oscillated almost perfectly with the car. No such result was 
obtained with the two layers. When the car was shaken, it was apparent that there 
was still considerable freedom of motion in the lower layer. The upper layer moved as 
though it were floating on a semi-fluid mass. It rose and fell at the ends, and this 
motion extended to the middle, causing the block to rock back and forth, a result which 
was not obtained when the car contained a load of uniform consistency. The to-and- 
fro motion of the block was considerably greater than that of the car, for frequencies 
of 2 or 3 per second. For frequencies greater than 3, the amplitude of the block was 
less than that of the car. The results of this experiment arc given in the tables on p. 330, 
while a plot of the same is included in fig. 62. The results, however, do not do justice to 
the possible destructiveness of such a motion. The rocking motion of the upper layer, 
as well as the violent manner in which it was broken up into fissures and ridges, seems 
to show that the destructive effect of the shaking motion of a semi-fluid mass may be 
increased when it is confined by a superincumbent layer of much more solid and com- 
pact material. 

In the last experiment with the shaking machine, the car was loaded with coarse gravel. 
The gravel consisted of water-worn pebbles of all sizes up to 2 inches in diameter. It 
contained no clay nor sand to bind the gravel together. When this load of dry gravel 
was shaken, the block embedded in the gravel moved with the same amplitude as the 
car until the frequency reached 3 double vibrations per second. With higher frequencies 
the amplitude of the block was somewhat greater. Considerable water was then poured 
into the car, and it was again sliaken with various frequencies. The results were similar 
to those obtained with the dry gravel, except that the relative motion of the gravel with 
respect to the car was nearly twice as great as in the case of the dry gravel. The data 
for these experiments arc given in the table, while a plot of the same is given in fig, 62. 

A consideration of the meager and more or less eivatic data described above suggests 
various (piestions and criticisms. It has already been explained why more extensive 
experiments involving other materials were not undertaken. The erratic nature of the 
experimental data is not due to the methoil of experimentation employed, but to the 
uncertain and varying condition of the material with which the car was loaded. If, in 
the beginning of a scries of experiments, the composition of the load was thoroly uniform, 
this was no proof that it remained so. A few moments of shaking sufficed to change to 
a greater or less extent this uniformity. When the material contained a large percentage 
of water, continued shaking caused the material close up to the ends of the car to pack 
and become somewhat drier; this was also true, tho to a much less extent, of the middle 
portion. The portion midway between the ends and the middle, where the relative 
motion of contiguous portions of the load was the greatest (thus causing fissures and 
ridges to develop), noticeably increased its content of water. This development of non- 
uniformity in the consistency and composition of the load is a sufficient explanation of 
the irregidarity of the results obtained. 
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'With regard to the scale on which the experiment was performed, the question naturally 
occurs: Would similar results have been obtuned if the car were very mueh large: ? 
One can not be certain, but it seems that such would have been the case if the frequency 
and amplitude of the car’s motion were the same. Several experiments were performed 
with a depth of 15 cm. and 25 cm., and the results were substantially the same. The 
car was also divided by partitions running at ri^t angles to the direction of motion, 
making a compartment of only half the length. The results tabulated below show that, 
at least in this case, the motion of the block embedded in the sand was not greatly affected 
by the presence of the partitions. 


Ijength of car between partitionR in cm. 

101 

49 

101 

101 

49 

49 

101 

Frequency in double vibrationB per sec. 

2.2 

2.25 

2.3 

2.1 

2.4 

2.15 

2.25 

Amplitude of car in cm 

7.6 

7.6 

7.7 

7.6 

7.5 

7.5 

7.5 

Amplitude of block in sand in cm. . . 

11.9 

9.3 

11.3 

10.8 

10.8 

11.4 

11.8 


In the experiment just described the material used contained 20 per cent water; with 
less water the partitions would doubtless have a greater effect in restricting the motion. 
It is also probable that with a larger car the relative motion of car and load would have 
betm greater. 

Another (]UCStion which is likely to occur is: Does the solid or semi-fluid mass 
with which the car is loaded have a free |M;riod of its own which is comparable with the 
vibrations imprest uixm it by the to-and-fro motion of the car ? To elucidate this matter, 
the car was partially fillwl with water and the free period of gravitational waves det«ir- 
mined experimentally. The frequency of such waves was found to be 1.06. Ilowtiver, 
the load, instead of being like water, was in all cases exceedingly viscous and plastic. 
This cmidition would in any case decrease the natural vibration freciuency of the load, 
and in the present case the viscosity was so gnsat that the load could not possibly have 
any vibration inde[)endcntly of the oscillatory motion of the car. 

Finally the question may be askc<l : What is the explanation of the fact that tlu; load 
on the car (or the major part of it) oscillates thru a greater amplitude than the car which 
causes the motion? At present I liavc no comprehensive explanation of this fact. It 
undoubtedly du|K!nds upon the inertia of the load, combined with the gn^ater or less 
freedom with which it yields to imprest forces. The load in the; car is set into motion 
by two sets of forces: (1) On account of the motion of the lx)ttom of the car a tangen- 
tial force is exerted on the Imttom of the load and this is transmitted upwards by the 
rigidity of the load, or, cxpnsst otherwise, by the mutual friction of successive layers of 
the load. (2) On account of the advancing motion of the end of the car the load n;- 
ceives a thrmst which is transmitted thru the material by its resistance to compression. 
Sometimes one of these setts of forces is of greater importancct, and sometimes the other. 
One would be apt to think the end thrust was of the gntaUtr importance, but this is 
certainly not always the case, for when the load consists of a numnd not resting against 
either end of the car, the block embedded in the top of the moimd may oscillate with 
a much greater amplitude than the car. (This was experimentally demonstrated.) In 
this case there can be no end thrust whatever. In some cas(ts tlu; end thrust may be 
more (;iTectivc than the tangential force; this is probably the case when the frequency of 
motion is rather high. 

To those interested in seismology the important question is: How do these experi- 
ments help to explain the greater destructiveness of earthquakes in regions where foun- 
dations are in alluvial soil than where foundations rest directly ujion rocky strata? To 
pass from experiments upon a box contuning half a ton of soil to the destructive effects 
of an earthquake is certainly a great leap. In taking such a step, one is very likely to 
make mistakes. However, it seems to me beyond question that a soft, semi-fluid mass of 
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soil, containing a large amount of water and surrounded or partially surrounded by solid 
strata, will not oscillate with the same motion as the surrounding strata. Moreover, 
in the case of the frequencies ordinarily occurring in earthquake motion, the amplitude 
of the oscillation of such a semi-fluid mass is likely to be greater than that of the sur- 
rounding solid strata; also the reversal of motion or the acceleration during reversal 
is likely to be greater than in the case of solid strata. Finally the greater relative motion 
of such a soft or semi-fluid mass is not prevented by overlying strata of drier and more 
compact material. 

REVIEW OF THE DISTRIBUTION OF APPARENT INTENSITY. 

In the preceding pages, all the data signifleant of the distribution of the intensity of 
the shock of April 18, 1906, have been s(it forth in such detail as seemed to be warranted 
in a statement of fact. The general conclusions drawn from the data are representcKl 
graphically ujwn the intensity map No. 23. It is proiKWied here, however, to call atten- 
tion to some of the more interesting and instructive phases of the distribution of inten- 
sity, and briefly to discuss their siguiflcance. 

It is to be noted, in the first place, that the region over which the disturbance was 
felt, extending from the Pacific Coast to Central Nevada, and from southern Oregon to 
southern California, is one of varied physiography. In a consideration of the relation 
of the physiographic features to the distribution of intensity, it will be necessary to 
distinguish only two claases of features; viz., (1) the mountain and hill slopes, generally 
underlain by firm rocks and veneered for the most part with a thin mantle of regolith 
and soil; and (2) the vallcy-lx)ttotns usually underlain by a relativctly great depth of 
infilled alluvium in a little coherent condition, and for the most part saturated with 
ground-water. 

The color bands on the map, indicating the gradation of intensity, show V(iry con- 
siderable irregularities, or departun^s from the smooth curves which might reasonably 
be expected to obtain as the expression of such gradation of absorption of energy in 
homogjiiieous materials. To some extent such irregularities may be ascribed to the 
known lack of homogeneity in the finn (Ja.stic rocks of which the earth’s crust is chiefly 
conjposed. But the irrcgularitu^s referred to are too great to permit us to regard such 
lack of homogeneity in the underlying elastic rocks as an inqmrtant factor in determin- 
ing thenu The irrcgulariti(»4 are clearly related to the distribution of the valley lands. 

GKNERAL DISPOSITION OF THE ISOSEISMALS. 

If now, Ix'fore entering upon a consideration of these irregularities, we endeavor to 
ignore them, and so obtain a general coiLS{)ectus of the color bands representing the 
gradation of intensity, the following features come out fairly clearly : 

1. On the northeast side of the fault-trace, the zones of equal gradation of intensity 
show a tendency to belly out to the northeastward, opposite tlu* middle portion of the 
fault-trace. This tendency is most pronounced in the grades from VII to II of the 
Rossi-Forel scale, and is apparent in all grades below IX. 

The irregularities above referreil to, a.s.soeiabMl with the distribution of valley lands, 
confuse somewhat the jicrception of this temkfncy, but do not detract from its reality. 

2. As a partial statement of the same general fact, the color zones become distinctly 
narrower, and their boundaries converge, as they approach the coast north of Eureka. 
This feature of the distribution of intensity clearly sugge^sts that the isoseismal curv'cs 
close in and swing around the end of the fault, and that there is, therefore, no indi- 
cation of a submarine prolongation of the fault lieyond its known extent on the main- 
land in Humboldt County. 
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3. The Koiies of equal gradation from IX to V of the scale are narrower at the southern 
end of the fault-trace than at the northern end, and they close around the end much 
more closely. This fact is suggestive of less depth of disturbance at the southern end 
of the fault. But the general disposition in the south of the ssones ranging from V to 
II is not essentially dissimilar to those in the north. 

4. The (hsposition of the isoseismal curves along the coastal territory between Point 
Arena and Shelter Cove indicates that the trace of the fault on the sea-floor lies but a 
few miles off shore, and that its course partakes of the nature of a very obtuse sigmoid 
curve, approximately parallel to the trend of the coast. It follows from this inference 
that the fault observed in Humboldt County is continuous with that extending from 
the vicinity of Point Arena southeastward. No facts have come to light which weaken 
this conclusion, altho all the facts have been diligently sought for. 

5 . On the southwest side of the fault, the territory upon which it has been possible 
to trace the isoseismals, particularly those ranging above VI, is very much smaller than 
on the northeast side. In so far as the territory available is representative of the entire 
southwestern crustal block, it appears, chiefly from the isoseismals covering portions 
of San Mateo, Santa Cruz, San Benito, and Monterey Counties, that the intensity dimin- 
ished much more rapidly to the southwest than it ^d to the northeast. Thb interest- 
ing fact suggests that, of the two crustal blocks differentially displaced on the fault, the 
southwest block was perhaps the more passive. It may, however, indicate that the 
apparent intensity, as interpreted from effects on structures and objects, is a function 
of the character of the imderlying rocks; since on the southwest side of the fault-trace 
there are extensive areas of highly elastic granitic rocks, while on the northeast side of 
the fault-trace these granitic rocks are deeply buried by sedimentary formations and 
appear nowhere at the smface west of the Sierra Nevada. 

6. The zones of equal gradation of intensity, ranging from X to VII, are fairly evenly 
spaced, tho broadeiung with diminishing intensity; from VII to VI the zone is notably 
broader, particularly in the northern portion of the region affected; and from VI to II 
the broadening of the zones is very marked. 

RGIATION OF APPARENT INTENSITY TO VALLEYS. 

The generalizations above set forth are independent of the irregularities in the iso- 
seismal curves associated with the valle)^. We may now inquire into the relationship 
which obtains between the vaUe 3 rs and the distribution of apparent intensity. 

The most northerly locality where this relationship appears is on the flood pliun of 
the Elel River, near the coast, in Humboldt County. The lower part of the Eel River 
Valley has been carved by stream erosion out of a synclinal trough of Pliocene strata 
having a thickness of over a mile. The ssmcline is flanked by older and much harder 
sandstones which are probably of Franciscan age. On the south of the valley these 
older sandstones constitute a bold mountain ridge, stept with terraces, which terminates 
in Cape Mendocino. The north side of the ridge has an east and west trend, and the 
Pliocene strata extend well up on its flanks. There is no suggestion of a fault on this 
side of the ridge, the trend being determined by the axis of the synclinal fold. The other 
side of the flood plain has a less regular northwest-southeast trend, converging upon 
the south side in the vicinity of Rio Dell. The flood plain is thus bounded by a wide 
trumpet-shaped but asymmetric contour terminating in lagoons and sand beaches south 
of Eureka. The depth of the alluvium of the flood pliun is not known, but the features 
of the region suggest that it is undergoing subsidence and the alluvium may be several 
hundred feet thick. On this flood plain the apparent intensity was notably higher 
than on the surrounding slopes. This is shown by the extent of destruction in Fern- 
dale and other towns situated upon it, and by the rupturing and deformation of tho 
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alluvium of the flood plain itself, particularly in its lower part near the sea, and by the 
lesser destruction in the surroimding higher country. The data regarding the intensity 
on the high ridge to the south are scant, owing to the fewness of habitations, but on the 
Pliocene terrane on the northeast side of the flood plain, there was a distinct drop in 
the degree of destruction, altho this terrane consists largely of strata which arc only 
partially indurated and but little coherent. 

The apparent intensity of the lower part of the Elel River flood plain grades from 
X to IX, tho in general nearer IX than X. It is surrounded by a belt of country where 
the intensity grades from IX to VIII. This belt has a width of a few miles on the Plio- 
cene terrane to the northeast of the flood plain, and probably scarcely extends to the 
harder Franciscan rocks of the ridge to the south. The facts thus necessitate the recog- 
nition on the intensity map of an area of high intensity, including a range from X to 
VIII, in the midst of a region where the prevailing intensity ranges only from VIII to 
VII. This, as will be seen in what follows, is typical of all the more important alluviated 
valle3rs of the Coast Ranges, and indicates clearly that the apparent intensity for such 
situations is a function of the underlying formations. 

On the more limited flood plain of the Mattolc River at Petrolia, the destructive effects 
were even more intense than at Fcmdale, and in marked contrast to those apparent in 
the few scattered houses on the rocky upland. But little can be inferred from this con- 
trast, since Petrolia is situated on the projection of the fault-trace, and only a few miles 
beyond the most northerly point to which it has been mapped. 

The town of Willets is at the headwaters of a branch of the Elel River on a flat aUu- 
viated valley-bottom several mik^ in extent. The situation and character of the vaUcy 
arc such as to suggest that it is a fllled-in lake basin. The ground-water below the 
valley-floor stands within a few feet of the surface. The town is 26 miles from the 
coast at Mendocino City, and not less than 30 miles from the fault-trace; yet the ap- 
parent intensity was not less than IX of the scale, or equal to that which prevmls on 
the hard rocks in the zone, the distal border of which is usually not more than 6 miles 
from the fault-trace and often much less. Between Willets and the coast the intensity 
had diminished from X in the vicinity of the fault-trace to leas than VII. This rapid 
rise from less than VII in the territory immediately to the west, to IX on the valley- 
floor, with no evidence of other factors intervening, and no evidence of similarly high 
intensity on the rocky slopes surrounding the valley, again indicates that the apparent 
intensity is a function of the character of the valley-floor. 

A similar condition prevails in the valley in which Ukiah is situated, 20 miles to the 
south of Ukiah. The physiographic features of the valley arc described by Mr. George 
McGowan in hLs report describing the effects of the earth(]uake at Ukiah. The town is 
about 27 miles from the fault-trace, and in this interval the intensity had diminished 
from X to less than VII. In Ukiah, which is on the old flood plain of the Russian River, 
near the middle of the valley-floor, the intensity rose to between IX and VIII. Here 
again, there can be little doubt as to the influence of the underlying formations upon the 
destructive eff<5Cts of the shock. This conclusion Ls supportinl by the time at which 
the shock was felt. Ukiah is one of the few places where satisfactory time observations 
were obtained. 

At the International Latitude Observatory, Dr. Townley reports that he was 
awakened by the shock and lookt at his watch, finding the time (corrected) to be 
s'* 12“ 30*, and he is of the opinion that the shock commenced at S'* 12“ 17*. This 
accords fairly well with the time the shock was due at Ukiah, and affonls no suggestion 
that the local high apparent intensity may have been due to a local earthquake. 

Another valley area of high intensity is on the west side of Glcar Lake, extending 
from Kclscyvillc to Upper Lake. Lakeport, in the central portion of this area is 36 
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miles distant from the fault, with 2 mountain crests intervening. In this interval the 
intensity had diminished from X to less than VII, but at Lakeport and Upper Lake it 
rose to IX. The topographical and geological maps of the Clear Lake district, published 
by Becker,* show that Lakeport and Kclse}rvillo are on an alluvial plain, the under- 
lying deposits of which arc of Quaternary age; and the same conditions prevail at Upper 
Lake. Between this area of alluvium and Bartlett Springs, on rocky ground, 10 miles 
to the cast of Upper Lake, the intensity dropt to VI. At Lower Lake, situated on 
Tejon sandstone, the intensity had similarly dropt to VI; and these intensities are about 
the normal for the distances at which Bartlett Springs and Kclseyvillc lie from the fault 
along the coast. At Highland Springs, the intensity was between VII and VI, which 
is also about the normal for its distance from the fault. It thus appears that the high 
apparent intensity was confined to the alluvial or recent lake deposits of the area about 
Lakeport. These facts indicate that the high apparent intensity for this area was prob- 
ably not due to a local earthquake, coincident or nearly so with the main shock, but 
that the destructive action of the latter was locally augmented by conditions inherent 
in the underlying incoherent deposits. For if tht^re had binm a local dislocation, its 
effects would undoubtedly have made themselves manifest over a wider area than that 
occupied by these deposits. The character of the shock, as described by those who 
expcriencecl it in the vicinity of Clear Lake, agi’ees, nmreover, with that of the shock 
emanating from the fault at the coast. Becker’s geological map of the district shows 
no faults traversing it. 

In general, then, while from the nature of the case it is not possible to deny positively 
that a local earthquake may have occurred on the morning of April 18, 1906, at the same 
time as the main shock, no evidence appears to sustain that view. On the other hand 
the evidence here a.s cLsewhcrc 8Ui)por(s the belief that the appiu'ent intensity is a func- 
tion of the underlying formations to the extent manifested in this district. 

Coming now to Santa Rosa Valley, we encounter an interesting case of high intensity, 
associated with an alluvial valley-bottom. The valley may be described as an oval- 
shaped area, extending for 24 miles from Healdsburg to the vicanity of Penn’s Grove, 
with a maximum width of 8 miles on a line lying between Santa Rosa and Sebastopol. 
The general trend of the central axis of the valley is about N. 30° W. It is thus not 
far from parallel with the general trend of the fault along the coast. Over a considerable 
expanse the valley-floor is perfectly even, and apiniars level to the eye. At its widest 
portion, however, it has a slope from an elevation of 170 f<x;t above sea-level in the eastern 
part of the city of Santa Rosa, to about 50 feet above sea-level, a descent of 15 feet to the 
mile. In this section there are no terraces, but a perfectly even profile. To the north of 
Santa Rosa, however, the floor of the valley is less even, and it is stept in a few broad 
terraces, the lowest of which is the present flood- plain of the Russian River. 

The geomorphog(my of the valley is not altog(!ther simple; the primary fact in its 
development, however, is that it has Ixicn carvccl by stream erosion to its full width out 
of a great syncline of Merced (late Pliocene) strata.* The upturned edges of th( 5 .se Merced 
strata, planed down to an even but now somewhat dissected surface, constitute the floor 
of tin; upjxtr teiTace lying to the north of Mark West Creek at an altitude of about 200 
feet above the; flood plain of the Ru.ssian River. On a somewhat lower terrace is the town 
of Windsor. South of Mark West Creek, the valley is in general deeply alluviated and the 
wells a little to the east of the city of Santa Rosa (150 feet deep) show that the alluvium 
is saturated with ground-water to within a short distance of the surface. The distribu- 
tion of this groun(l-watcr thruout the valley is, however, not well known, no systematic 
investigation ever having been made. On the western side of the valley from Sebastopol 

* U. S. Geological Survey, Monograph XIII. 

’ Cf. Osinunt, Hull. Dept. Geol., Univ. Col., vol. 4, No. 3. 
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northward to Mark West Creek, the drainage is stagnant and gives rise to the Laguna de 
Santa Rosa. This lagoon is a drowned water course in free connection with the trunk 
drunage of the Russian River, and is indicative of a deformation of the valley surface 
whereby the western side has been deprest below the base-level established by the Russian 
River. From these statements it will be apparent that the whole of the floor of the Santa 
Rosa Valley is not alluviated, but that portions of it — particularly that portion lying 
between Mark West Greek and Hcaldsburg and cast of the flood plain of the Russian 
River — is a terraced platform carved out of the Mercetl tcrranc. 

Now the notably higli apparent intensity of the carthcpiake shock was confined to the 
alluviated portion of the valley-fioor. The 2 centers of population which suffered most 
severely were Santa Rosa and Sebastopol. At Windsor, situated on the terrace cut in 
the Merced rocks, the intensity was distinctly lower. Hcaldsburg, at the northern extrem- 
ity of the valley, is also on alluvium and the intensity was here again high, tho not (][uite 
equal to that at Santa Rosa and Sebastopol. The town of Guemcville, on the old flood 
plain of the Russian River, below the Santa Rosa Valley, suffered mas-t severely ; while 
the cemetery of the town, but a short distance away, on a rocky terrace 190 feet above 
the town, was affeettHl in a distinctly less degree, only oix; monument having been over- 
thrown, and a few movtid on their {KKlestals. Tlic rapid diminution of intensity on pass- 
ing from the alluvium to the rocky sIoimw, thus specifically illustratcHl at Guerneville, is 
characteristic of the borders of the Santa Rosa Valley. To the oast of the city of Santa 
Rosa, this diminution is so rapid that the gi'adation of intensity can not be adecpiately 
exprest upon the intensity map. Under these circmristances it is difficult to avoid the 
conclusion that the severity of the earthquake shock on the alluvium of th(f Santa Rosa 
Valley is in large measure referable to th<! character of the ground. Were a local shock 
a factor in the case, we should exp<ict that the high intensity would not btj limit(‘d to the 
alluviated area, but would also be manifested on the surrounding mountain slope's. This 
exptjctation not l>eing realized, the hyisithesis of an indeixmde'nt local shock stanels with- 
out support. The ge'uejral pexsitiun of the ise)scismal curve's off the valley-bottoms is not 
notably affecteid by the high apparent intemsity in the valle'ys. In arriving at the con- 
clusion that the high apparent intensity in this valle^y is refeu’able in large me'asure to the 
charae.te'r e)f the grounel, it is not thereby inteneleel to exclude! other contributory factors. 
A theemitical discu-ssion of the e)ffe!Ct at the surface of the e!arth e)f a concussion at a point 
within the crust shows that fe)r a ceirtain path of emergence the he>rize)ntal jerk of the 
emerging earth-wave, and, therefore, the eleistructivc effect in general, would be at a max- 
imum. The fact that the earthquake under consideration was due not to a concussion at 
a point, but to a jar developed by movement on a plane at least 270 miles long, reaching 
to the surface and of unknown depth, renders the application of this doctrine difficult 
and of questionable value. Nev(!rthelcss, the tendency, which is demon.strable in the 
ideal case, would also exist in the more complex actuality ; and it is by no means impos- 
sible that the zone of maximum destruction may fall in a general way within the Santa 
Rosa Valley, and would thus Ikj a factor conducive to excessive destruction, in addition 
to the factor inhenmt in the character of the ground. This suggestion, to have weight, 
should be corroborated by observations in other portions of tho general zone of destructive 
effects, and it must be contest that satisfactory corroboration is lacking. 

While the geology of the Santa Rosa Vallciy has not been mapped in detail, owing to the 
lack of topographic maps, it has been carefully studied, particularly from the structural 
and stratigraphic point of view, by Mr. Vance Osmont,‘ and no fault traversing the valley 
was found by him. The underlying structure, so far as has been made out, is as already 
stated that of a broad, rather simple, synclinal fold. It has also Ixjon indicated that the 
surface of the valley has been subjected to nxsent deformation, whereby the western side 

* Bull. Dept. G(!o1., Univ. Col., vul. 4, No. 3. 
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has been dcprest below the local base-level. Iliis may be taken as an indication of the 
persistence of the compressive forces which ori^ally gave rise to the syncline. If, now 
the underlying rocks of the valley were in a state of synclinal stress, the relief of that stress 
afforded by the dislocation along the line of the Rift mi^t ^ve rise to an elastic dis- 
turbance of the ground which would be additive to the shock generated at the fault along 
the Rift. 

But none of these suggestions, whether of contributory shock, or an unrevealed fault, 
or of coincidence of the valley with a vaguely defined zone of maximum horizontal 
jerk, or of sudden relief from synclinal compression, are sustained by satisfactory evidence. 
They arc possibilities which, with the facts before us, it is possible neither to affirm nor 
to deny. The reference to them in this place is only excusable on the ground that they 
arc suggestive of lines of inquiry which may perhaps be profitably undertaken at some 
future time. On the other hand, the influence of the character of the ground upon the 
apparent intensity is sustmned by cumulative evidence. 

In Sonoma and Napa Valleys, the disposition of the isoscismals is very evidently de- 
termined by the contour of the valleys, the high intensities running far up the valleys 
within areas of lower intensity on either side. In Sonoma Valley the upper and lower 
parts arc alluviated, while the middle part is not ; or, if so, only to a slight extent, and it 
is being trenchetl by the stream which flows thru it. The floor of Napa Valley, on the 
other hand, is alluviated tluiiout, save for some rocky spurs and isolated rocky hills which 
occur along portions of the sides of the valley. The intensitydiniini.shes in the upper part 
of Napa Valley, in the vicinity of Calistoga, where the alluvial deposits thin out, notwith- 
standing the fact that Calistoga is somewhat nearer the fault along the Rift than is 
Napa City, at the lower end of the valley, and notwithstanding the fact that Calistoga is 
approximately on the line of the Mount St. Helena fault described by Osmont. If the 
relatively high apparent intensity of Napa Valley were in any way referable to a local 
earthquake on a fault traversing the valley, we should not only expect the effects to be 
manifested on the rocky slopes of the valley, as well as upon its floor, but would also expect 
higher intensities on the line of the only well-defined fault known to traverse the valley. 
Neither of these expectations is realized, and u^xm the slopes of Mount St. Helena, in the 
vicinity of the fault which traverses its western front, the intensity was notably low — not 
higher than VI. We are thus again forced to fall back upon the character of the ground 
as the immediate cause of the high ai)parent intensity on the alluviated valley-floor, 
particularly in the lower part of the valley. 

Specific and instructive instances of the influence of the character of the ground upon 
the apparent intensity of the shock arc afforded by the cities of Petaluma and San Rafael. 
Each of these cities is built partly upon rock and partly upon the alluvium of the tidal 
marshes of the San Francisco Bay. F(;taiuma is situated at a distance of 14 miles from 
the fault, and San Rafael at a distance of 9 miles. In both cities the damage to buildings, 
chimneys, etc., was notably less upon the rock than upon the alluvium, altho the latter 
can not in either case be supposed to have any great thickness at the base of the hills. 
(See fig. 64.) 

In the city of San Francisco the detailed study of the distribution of intensity, so suc- 
cessfully carried out by Mr. H. 0. Wood, affords a conclusive proof of the paramount 
influence of the character of the ground in determining the high apparent intensities 
which affected portions of the city. On the made land in the vicinity of the Ferry 
Building, about 9.5 miles from the fault, as well as on the tidal marsh land, and along 
Mission Creek and Lagoon, between 7 and 9 miles from the fault, the intensity was X of 
the Rossi-Forel scale. But on the rocky top of Telegraph Hill, near the ferries, the in- 
tensity was scarc<;ly higher than VII. On the sandstone cliffs at Point Lobos, about 3 
miles from the fault, it was about VIII; and on the summits of the chert hills in the cen- 
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tral part of the city and county of San Francisco, 5 to 6 miles from the fault, it was 
about VII. On the alluvium of Mission Valley, at distances of from 6 to 9 miles from the 
fault, the intensity varied from less than VII to between VIII and IX. 

Under similar conditions of ground, the shock was greater nearer the fault; but there 
was much greater contrast between the damage produced by the shock on the summit of 
Telegraph Hill and that in the vicinity of the Ferry Building, at like distances from the 
fault, than there was between the damage near the ferries and that in the immediate 



Fia.IM. — IHfitribution of intensity in Petaluma. Vertical lines represent area of low 
alluvial land, on wliicli nearly all chimneys were damaged. Horizontal lines rep- 
resent slopes underlain by rock, on which about half the chimneys were daniagetl. 

The solid black areas and dots represent exceptionally severe damage. The blank 
area inclosed by dotted lines represents a belt of practically no damage. By R. 8. 

Holway. 

vicinity of the fault. Thus, notwithstanding the general tendeney of the intensity 
to dimini sh with increasing distance from the fault, it seems to be unquestionable that 
the degree of intensity which prevailed at any locality in the city depended chiefly on 
whether the imdcrlying formations are firm rock or incoherent material more or less 
saturated with water. It would even seem possible to discriminate slight differences 
of apparent intensity on different kinds of firm rock for the same distance from the fault. 
Thus the chert hills appear to have suffered less distmbance that those where serpentine 
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outcrops; and the sandstone areas were more disturbed than the serpentine. But these 
differences are minute. 

In the case of the made land and old marsh land of San Francisco, where the apparent 
intensity reached X, there can be no question as to possible local shocks, since the exces- 
sive disturbance was so strictly limited to the area lying outside of the original shore line 
and marsh border. 

In the low gromid about San Francisco Bay to the south of the city, we have another 
instance, on a rather large scale, of high apparent intensity determined by the incoherent 
water-saturated condition of the underlying formations. San FrancLsco Bay in general, 
and the southern portion of it in particular, lies in an alluviatul valley which has been 
deprest so that its central portion is now below sea-level. This submergeil valley-floor 
passes insensibly into the Santa Clai'a Valley which encloses it on the south and extends 
southward between the Santa Cruz and Mount Hamilton ranges. Treating San Fran- 
cisco Bay and Santa Clara Valley as one physiographic feature, it may be statcMl, without 
going into the evidence in detail, that depmssion and alluviation have both been greater 
in the southern end than in the northern. This southern portion of the valley con- 
stitutes a great artesian basin, and many wells have been sunk in it. The (htprest trough 
is not, however, wholly filled by alluvium, sinc(5 several wells have pa.st through late 
Quaternary strata containing marine fossil remains. It would apiM^ar, from the s(^ctions 
revealed by tho.se wells, that with the progress of subsidence, marine deposition alternated 
with alluviation. The deposits, whether marine or alluvial, appear to be incoherent 
or unconsolidated, con.sisting of clays, sands, and gravels, in layers of irrcigular thick- 
ness and extent. Many wells have past through several hundred feet of such materials 
without reaching bedrock. One well, on the edge of the marsh near Alvarado, reached 
rock at a depth of 730 feet. At the sugar-mill at Alvarado, and at the Contra Costa 
pumping plant, in the same vicinity, there ai-e several w<!lls from 300 to 400 feet deep, 
passing thru clay, sand, and gravel without reaching bedrock. At Roberts’ Land- 
ing there are 2 wells, one 574 feet d(5cp and the other 540 feet de('p, which past thru 
alternations of clay, sand, and gravel, but did not rea(;h bedrock. A well 1.5 miles 
south of Milpitas past thru 11 layers of gravel aggregating 166 fo(!t and 12 layers of 
clay aggregating 218 feet — total depth 384 fecit — but did not reach bcHlrock. I’lie 
wells in the vicinity of San Jose range ui depth from 35 to 500 f(H*t as a rule. One well 
on the bank of Guadaloupe Creek, however, was sunk to a depth of 1,100 feet, but did 
not penetrate bedrock. A well at Stanford Univei'sity is in gi’avel at 412 feet. On the 
west side of the Bay there are several hundrwl wells, most of them less than 1(K) feet in 
depth, while the deep ones are usually a little more than 300 feet. Wells are even bored 
in the bottom of the Bay and an abundant supply of fresh water is obtained from them. 
'I'hese brief statements will be sufficient to affonl a general idi'a of the extent to which 
the valley has been depre.st and filled in with d(*posits as yet unconsoli<lut(‘d. To tlu! 
south, th<! rocky floor of the valley ai)|)ears at the surfaccf in the vicinity of (Coyote, 12 
niil(*s south of San Jose. Besyond this, howcivcjr, the valhiy again opc'iis out and is 
deeply alluviated. 

On the floor of this valley, from San Bruno Mountain southward, on both sides of tlu; 
Bay, and southward a few miles beyond San Jose, the intensity was abnormally high. 
On the rcKiky slopes bcitwec® the western edge of the; valley-floor and the; fault, tlie 
intensity had dropt from X at the fault to VIII at the base of the hills. On the. valley- 
bottom it again sharply rose to IX. On this ground were Stanford University, Red- 
wood City, San Mateo, the 44-mch pipe of the Spring Valley Water Company, San Jose;, 
Agnews, Milpitas, and Alvarado. On the eastern side of the Bay the intensity of IX 
did not iMjrsist to the base of the hills, but oxt<*nded only about halfway from the shore 
line to the edge of the valley. There was theieforc a distinctly diminishing intensity in 



ISOSEISHALS: DISTRIBUTION OF APPARENT INTENSITY. 


343 


approaching the base of the hills on this side of the valley. But at the base of these hills 
lies one of the dominant faults of the country — the fault upon which movement took 
place, unth rupture of the ground, producing the earthquake of 1868. It would seem 
that, if local earthquakes were to be invoked to explain the high intensity of the alluviated 
valley-bottoms, here was a fine opportunity for an illustration of that (loctrinc. But the 
seat of the disturbance of 1868 was perfectly passive in 1906. The intensity diminished 
eastward right up to the fault-trace; and there is no suggestion that the disturbance 
along the San Andreas Rift afTccted it in the slightest d(!gr(H^ This being the case, 
there appears to be no nKtoursc but to ascrilx: the normal apparent intensity about 
the southern part of San Francisco Bay to the character of the underlying formations 
as in other valleys before described. 

To the west of the San Andreas fault in San Mateo and Santa Cruz Counties, the 
apparent intensity diminishes on the firm rocks more rapidly than to the east of the fault, 
but it rises very notably on the alluvial fan of Pilarcitos Creek at Half Moon Bay, and 
in the alluviated valleys of San Gregorio and Pescadero Creeks. Going westward 
down Pilarcitos Canyon, the apparent intensity drops from X at the fault to less 
than VII within 4 miles of the fault; but along the coastal fringes of alluvium which lie 
between the hills and the sea, it rises again to VIII at Spanish Town and to IX on the 
flats btdow the town. In the valleys of San Gregorio and Pescadero Creeks an apparent 
intensity of from VII to VIII extends for 4 miles and 3 miles, respectively, into an area 
of hill lands where the prevailing intensity is from VI to VII. The geology of this 
region, the Santa Cruz Quadrangle, has been mapped by Prof. J. C. Branner, and no fault 
is known at Half Moon Hay. Farther south the San Gregorio fault crosses the mouth of 
San Gregorio Valley and the middle part of Pescadero Valley, with a course parallel to 
the trend of the coast or transverse to the axes of the valleys. But the high apparent 
intensity in the bottoms of these valleys can not be referred to a local earthquake due 
to movement on this fault, since on either side of both valleys, in the immediate vicinity 
of the fault, it drops to below VII ; while a few miles farther south on the same fault the 
apparent intensity droi)s to VI. 

At Santa Cruz a portion of the city is built partly on a series of broad wave-cut terraces 
in the bituminous shale, of the MonbTcy series and partly on the alluviateil bottom- 
lands of San liorenzo River. The contrast in apparent intensity in these two portions 
of the city is marktHl. In that portion which is situattnl upon the terraces the appar(>nt 
intensity ranges from VII to VIII, while on the bottom-lands of the rivtir it rises to 
from VIII to IX. It thus ajipcars again, from a consideration of these four cases on the 
coast extending from Half Moon Bay to Santa Cruz, that the character of the material 
in the alluviated valley-bottoms has exercised a dominant influence in determining the 
apparent intensity of the eartlupiake shock, and that tlnu’c is nothing in the facets to 
suggest that any other factor has played an important rAle. 

The finest illustration of the influence exereisinl by alluvium in the production of 
high apparent intensity is that afforded by the valley of the Salinas River and its exten- 
sion to the valley of the lower jiortion of the Pajaro River. The Salinas Valley is one 
of the notable physiogi’aphic features of the Coast Ranges. It lies l)etwecn the Santa 
Lucia and Gavilan Ranges. It is deeply alluviated and strikingly terraced, particularly 
in its lower part. The course of the valley was probably determined originally by the 
fault along the eastern base of the Santa Lucia Range. The river discharges into the 
Bay of Monterey about its middle part, a few miles south of the mouth of the Pajaro 
River. On the flood-plain tracts of both rivers, and along the beach of the Bay of Mon- 
terey, the intensity was IX. This extended up the river for several miles above the town 
of Salinas. There were extensive fissures in the alluvium as far as Gonzales, with slump- 
ing of the ground toward the river trench. Damage of structures, inilicating an intensity 
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of VIII, extended up the valley as far as Chualar; and the limit of intensity, VII, was 
reached only at King City, 45 miles above Salinas; VI in the vicinity of San Ardo, 65 
miles; and V at Pass Robles, 99 miles above the same point. The isoscismals drawn 
thru these points are almost parallel to the river, the intensity to the east and west 
diminishing rapidly. The town of Salinas is about 13 miles distant from San Juan, 
in a direction normal to the fault-trace. On the northern end of the Qavilan Range, 
which intervenes between the two valleys, the apparent intensity dropt to V and then 
rose rapidly to IX in the Salinas Valley. The limitation of the high apparent intensity to 
the vaUey-floor, the practically symmetrical parallclisin of the isoseismals to the median 
line of the valley, and the diminution of the intensity with the thinning of the alluvium 
and the constriction of the valley upstream, all indicate dependence of the character of 
the shock upon the constitution of the underlying formations, and suggest no other 
factor. 

Still farther south in San Luis Obispo and Santa Barbara Counties, far beyond the 
isoseismal IV, an apparent intensity of IV is indicated by the effects observ^ in the 
valley-lands at San Luis Obispo, Edna, Arroyo Grande, Pismo, Santa Maria, Casmalia, 
and Lompoc. In the flat alluviated valley-bottom in which the town of Hollister is 
situated, about 8 miles east of the southern end of the fault at San Juan, the apparent 
intensity rose to IX, but diminished very rapidly on the hill lands immediately to the 
cast of the valley to VI, which apt)ear8 to have been the normal intensity for the moun- 
tainous tract between Hollister and the San Joaquin Valley. 

Farther southeast there was a similar but less marked rise in the apparent intensity 
at Lonoak, Priest Valley, and Hernandez, all of these being on alluviated bottoms. 

In the alluviated valleys to the cast of the Berkeley Hills, the apparent intensity was 
abnormally high and the area occupied by these valleys constitutes an isolated area in 
which the intensity ranges from VII to VIII in the midst of a belt in which the range 
is from VI to VII. At Pleasanton the intensity was somewhat higher than at Sunol, 
altho the latter is nearer the fault of April 18, 1906, and is situated, moreover, on the 
line of an old fault which traverses the west side of Livermore Valley and extends up 
Calaveras Valley into the Mount Hamilton Range. At Livermore, in the more open 
part of the valley, where the alluvium is deeper, tho 8.5 miles farther from the seat 
of disturbance, the intensity was about the same as at Sunol. At Martinez, on an 
ailu^dated embayment of Suisun Bay, the damage due to the shock was much greater 
than in neighboring towns situated on rock, even when the latter were nearer the fault. 
Beyond Martinez to the eastward there is a very marked bulge to the east of Suisun 
Bay, in the isoseismal VII, which can be attributed only to the low and marshy character 
of the groimd. The apparent intensity at Antioch was a degree higher in the scale than 
that at Mount Hamilton, altho it is double the distance from the fault of April 18 ; and 
altho there arc several old faults in the vicinity of Momit Hamilton and none are known 
near Antioch. 

The influence of the vallcy-lan<ls upon the apparent intensity is well shown on a large 
scale in the disposition of the isoseismal curves about the Sacramento Valley. In the 
mountains to the west of the Sacramento Valley the apparent intensity ranges in gen- 
eral from VI to V ; but on the floor of the valley eastward to beyond the Sacramento 
River, it is very uniformly about VI or VI+. 

The most interesting case of high apparent intensity in a valley-bottom remote from 
the San Andreas fault is that of the San Joaquin Valley. This case merits especial 
consideration, since of all the valleys here considered it is the one which is most sug- 
gestive of the occurrence of a local earthquake, distant from, tho connected with, 
the main movement on the San Andreas fault. While the suggestion is strong, however, 
the evidence is not conclusive of the occurrence in this region of a quasi-independent 
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earthquake ; and all that can be done is to indicate the evidence wluch points that way, 
and cite certain facts which detract from the force of that evidence and tend to corre- 
late the locally high intensity in the San Joaquin Valley with similar high apparent 
intensities in other valleys thus far (hscust. 

The apparent intensity on the floor of the Sacramento Valley, as has been stated, 
ranges about VI + of the scale. This is somewhat higher than at several pomts in the 
adjacent Coast Ranges to the west, and the difference is ascribable to the alluviated 
character of the valley-floor and the water-saturated condition of the alluvium. As we 
follow the Sacramento Valley southward into the San Jo^uin Valley, it converges upon 
the San Andreas Rift, and we should naturally expect an increase in the intensity by 
reason of the diminution of the distance from the seat of disturbance. This expecta- 
tion is in a measure realized by an eastward bulge in the isoseismal VII opposite Suisun 
Bay, and by the somewhat higher intensity at T^acy and Westley than at Sacramento 
and Stockton. 

Southward from Westley, however, the apparent intensity increases at a rate which 
can not be referred to the slight approximation of the region to the seat of the main 
disturbance. At Crow’s Landing the apparent intensity is VII ; at Newman it is VIII ; 
at Volta it is VIII + ; and at Los Banos it is IX. These points lie on the west side of 
the valley between the San Joaquin River and the flanks of the Coast Ranges. South 
of Los Banos, on the valley floor, settlements arc very few, and information as to the 
apparent intensity is unfortunately lacking over an extensive territory. At Coalinga, 
however, the apparent intensity is VII, indicating that the abnormally hi^ figures 
prevail over the western side of the valley from Crow’s Jjanding to southward of Coalinga, 
a distance in a north and south direction of not less than 100 miles. That the high 
appai'ent intensity was not wholly confined to the valley-floor, but also extended into 
the flanks of the Coast Ranges, is shown by the remarkable series of landslides which 
were started by the earthquake for a distance of about 23 miles northwestward from 
the vicinity of Cantua, reported by Mr. S. C. Lillis, and described by Prof. G. D. Louder- 
back in another part of this report. 

Now Los Banos, where the apparent intensity was highest, is distant 40 miles from 
the nearest point on the San Andreas fault at San Juan, its southern end. It is nearly 
34 miles in an mr-line from Hollister, the nearest point to the westward having a simi- 
larly high apparent intensity. In the Coast Ranges between Hollister and Los Banos, 
the intensity was as low as V. 

These facts arc suggestive, as already stated, of a local disturbance at or about the 
same time as the main movement along the San Andreas fault. 

Certain circumstances detract, however, from the force of this suggestion, and indicate 
another possible explanation which, it must be confest, is not very conclusive in view of 
the remoteness of Los Banos from the scat of disturbance. The portion of the San 
Joaquin Valley in which Los Banos lies is undoubtedly an underground water reservoir. 
It lies at the base of the alluvial fans of the Coast Rwgcs where the streams sink, and 
the waters of the San Joaciuin River maintain the water-table at no great distance below 
the surface. As shown by the experiments of Prof. F. J. Rogers, described in another 
part of this report, water plays an important part under certain conditions in increasing 
the amplitude of the earth vibrations and, therefore, their destructive effect. In this 
respect the region about Los Banos would be particularly favorably conditioned for the 
development of high apparent intensities, as inferred from destructive effects. Tlie 
general conditions are quite analogous to those in the Salinas Valley, in the bottom-lands 
of the Pajaro River and the Russian River, and in the rc^on about the south end of San 
Francisco Bay. The chief difference is in the greater remoteness of the Los Banos region 
from the seat of disturbance, if only one such seat be assumed. 
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Another circumstance which weakens the suggestion of a local earthquake is the 
fulure of the isoseismals below VII to carry out the suggesticm by bul^g into the Coast 
Ranges on the west or the flanks of the Sierra Nevada on the east. In the latitude of 
Los Banos, the hi^ apparent intensity was confined to the valley-floor, altho farther 
south, near Cantua, this can not be affirmed. In view of the experiments of Professor 
Rogers, it seems probable that in the near future, by an active prosecution of such 
experiments coupled with close field observation, we shall arrive at an arithmetical 
expression for the coefficient which will enable us to reduce the apparent intensity of 
water-saturated alluvium to the true intensity due to vibration in homogeneous elastic 
rock. When that coefficient becomes available, it will perhaps be possible to determine 
whether or not the destructive effects exemplified in the San Joaquin Valley at Los 
Banos arc referable to the conditions of the ground or to a local seismic disturbance. 
Until then the question must remain an open one. Analogy with other valley lands 
nearer the fault, where high apparent intensities are referable, both on the field evidence 
and in the light of Professor Rogers’ experiments, to local conditions, militates agmnst 
the hypothesis of a quasi-independent earthquake. The remoteness of the region from 
the known fault and the high intensities on the flanks of the Coast Ranges indicated by 
the new landslides at Cantua, favor that hypothesis ; but no positive conclusion can 
be reached at present. 

RELATION OF APPARENT INTENSITY TO KNOWN FAULTS. 

Altho the geology of California has been studied in detail at but few localities out- 
side of the gold belt of the Sierra Nevada, yet the general reconnaissance work that 
has been done by various geologists has brought to light many of the important faults 
in the state. Such as are known are indicated on map No. 1, without any attempt 
to discriminate between the varying degrees of certainty with which their existence has 
been determined. The map serves the double purpose of bringing together for the first 
time our knowledge of the distribution of faults thruout the state, and of illuminat- 
ing a brief discussion of the relation of apparent intensity to fault-lines. On 4 of these 
faults there have occurred 5 severely destructive earth(iuakes within the last 50 years. 
It thus behooves students of Californian seismology to become familiar with thene struc- 
tural features of the state. A recent account of the Calabrian earthquake of September 
8, 1905, dealing particularly with the distribution of intensity,* and the relation of that 
distribution to fault-lines known or inferred, gives an especial interest to the considera- 
tion of the faults of the Californian region at this time. In the pntceding section of this 
report, it has been shown very definitifly that abnormally high apparent intensities were 
develoiied on the valley-bottoms, and the cause of this has been referred in a general 
way to the incoherent and water-saturatc<l condition of the materials underlying th(%te 
valley-bottoms. In Calabria, in the a<tcount referred to, Prohissor Hoblis correlates 
the zones of exceptionally high int(;nsity with lines of ancient faults, which in some 
portions of the region are known on geolo^cal evidence to exist, and in others are sup- 
posed to exist because of the high intensities manifested. He does not recognize the 
character of the underlying formations as an important factor in producing different 
degrees of intensity, as inferred from destructive effects at the surface. In this respect 
his conclusions do not harmonize with those arrived at in the study of the California 
earthquake of April 18, 1906. It thus becomes a matter of interest to ascertain what, 
if any, influence was exercised by the known faults of California, other than that which 
was the scat of disturbance, upon the distribution of apparent intensity, independently 


* W. H. Hobbs, The Qeotectonic and Geodynamic Aspects of Calabria and Northern Sicily. 
Leipzig, 1907. 
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of that which was clearly due to the character of the geological formations. This ques- 
tion has been touched upon incidentally in the discussion of the relation of the valleys 
to distribution of apparent intensity, but it will be of advantage to review the facts 
here more systematically, tho quite briefly. 

In southern Oregon and in northeastern California, in Modoc, Shasta, Lassen, and 
Plumas Counties, the shock was so uniformly feeble that there is no suggestion of locaUy 
high intensity due to any cause. The same general statement is true of northeastern 
California, in Del Norte, Siskiyou, Humboldt, and Trinity Counties; but in this region 
some of the faults, particularly that of Redwooil Mouqjiain, were not farther from the 
seat of disturbance than certain localities farther south, where abnormally high apparent 
intensity was developed on valley-bottoms. If the KtHlwood Mountain fault had been 
a locus of movement, there can be little doubt, altho the settlements in that region are 
few and scattered, that we should have heard of the severity of the shock. No evidence, 
however, has come to hand indicative of any exceptional severity on or near the line 
of that fault. 

Along the eastern front of the Sierra Nevada, from Honey Lake and the Taylorsville 
district to Tejon Pass, altho there arc many extensive faults, and altho on one of these 
there occurred a movement which caused the Inyo eartluiuake of 1872, yet there is no 
suggestion of any local movement on any of th(»<c on the morning of April IS, 1906. The 
intensity of the shock along this general fault-zone was about IV of the scale ; but the 
movement was a slow, gentle swing characteristic of a heavy distant shock. 

Similarly, the numerous faults which traverse California south of Tehachapi may be 
left out of consideration, no shock at all having been felt over the greater part of the 
region, and but feebly in those parts where it was felt. 

There thus remain of the faults in California practically only those that fall within 
the zone of di>struction, to merit serioas consiileration. The most northerly of these 
is the Mount St. Helena fault described by Osmont.* This fault has a northwest-southeast 
strike, an<l a throw of not less than 2,000 feet. It forms a well-marked and little- 
degraded scaq> on the southwest side of the mountain and the date of its principal 
movement is within the Quaternary periml. The projection of this fault to the north- 
west is not known; to the .southeast it undoubteiUy pas,ses beneath the floor of Napa 
Valley, in the vicinity of Calisloga. Neither on the slopes of the mountain nor at Calis- 
toga was there any evidence of abnormally high intensity, and the necessary inference 
is, therefore, that there w'as no movement on the fault at the time of the earth(]uake. 

The southwest front of the Berkeley Hills, and the extension of the same geomorphic 
feature farther south, forming the southw'cst front of the higher Mount Hamilton Range, 
is with little question a fault-scarp, or series of scaqjs, of Quaternary date, now' more 
or less dissected and degraded. The northern extension of the fault-zone beyond San 
Pablo Bay is not known. It probably contributed to the definition of the western side 
of the ridge betw'een Sonoma and Petaluma, but apparently did not traverse the middle 
part of Santa Rosa Valley, since the study of that region by Osmont failed to reveal it. 

This fault-zone is of peculiar interest from the point of view of the present discussion, 
since it appears to have been the seat of disturbance of the earthquake of 1868. At 
that time the fault-trace was marked by a crack at the surface, which w'as traceable 
for 20 miles or more along the base of the scarp slope, altho the amount of the move- 
ment was probably quite small. The trace of the fault is approximately parallel to the 
San Andreas Rift, and is 18 miles distant from it. As has already been suggested, this 
fault would seem a priori more susceptible to the influences which would make for re- 
newed movement than most other faults of the region. But there is no evidence that 
any movement occurred upon it. The intensity show’cd no abnormal increase along 


* Loc. eit. 




348 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


the old fault-trace; and buildings at Berkeley, founded on rock, practically on the line 
of the fault, suffered little or no damage. 

The fault which is so well exposed in the sea-cliff south of Fort Point traverses the city 
of San Francisco in a southeasterly direction for an unknown distance. Along the line 
of its probable course, Mr. Wood has noted evidence of an increase of intensity. The 
fault in its projection seaward probably intersects the San Andreas fault beneath the 
Gulf of the Farallones. It is therefore possible that there was some slight distribution 
of the movement along this intersecting fault. 

The San Bruno fault-scarp, on the peninsula of San Francisco, south of the city, is 
well illustrated in Plate 15, and its structural relations are described in a paper by Andrew 
C. Lawson on the Geology of the San Francisco Peninsula.' 

The base of the scarp is from 2.5 to 3 miles distant from the San Andreas Rift, and is 
nearly parallel to it. The fault is in two parts: a main fault with a throw of not less 
than 7,000 feet, which drops the Merced (Pliocene) strata against the older Franciscan 
rocks, and an auxiliary fault which drops a wedge of Franciscan strata between the 
main fault and the mass of San Bruno Mountain. The town of South San Francisco is 
on the lower slopes of a rocky spur of San Bruno Mountain, between the two faults, i.e., 
it is on the dropt wedge of Franciscan rocks. In the water-saturated alluvium and sands 
of Merced Valley, the apparent intensity was high, ran^ng up to IX of the scale; but 
in South Sah Francisco, on rock foundation, it was notably lower, as appears from Mr. 
Crandall’s report. The situatiem of south San Francisco, between the two faults, is such 
that had a movement oceurred on either, the damage to structures would have been 
accentuated. But the fact is that the damage was not so accentuated, and there is 
thus no warrant for supposing that any local fault movement occurred. 

One circumstance which, upon first thought, seems to contravene this conclusion, 
was the sudden outgush of water at one point at the base of the San Bruno scarp. This 
remarkable occurrence is described in another place, but may be mentioned here, for 
the purpose of bringing together the facts bearing on the question. The water issued, 
as near as can be determined, at a point on the slope immediately above the fault-trace 
of the auxiliary fault, in the underlying hard roc^, which are there mantled with an 
unknown thiclmess of sand, possibly 50 feet or more. The outgush of water is indica- 
tive of sudden compression of incoherent water-saturated sand, and does not necessarily 
imply a movement on the deeper fault. Along the line of the fault there sure longi- 
tudinal depressions, and it is suggested that one of these was filled with sand, under 
conditions which did not permit of rapid drainage; so that the sand was saturated with 
water, which was expelled as the compressive wave traversed the locality. 

In the region to the southwest of the San Andreas Rift in San Mateo and Santa Gruz 
Counties there are several faults, most of which arc represented on maps Nos. 21 and 22. 
No evidence of movement has been detected on any of them, aJtho the territory has 
been examined quite closely; nor does their presence appear in any way to have affected 
the disposition of the isoseismal curves. They nearly all traverse a country occupied by 
rocky mountainous slopes, and have considerable variation in orientation, altho the pre- 
vailing strike is northwesterly and southeasterly. One fault, however, viz., the San 
Gregorio fault, crosses 2 valleys — San Gregorio Valley and Pescadcro Valley — in which 
the intensity of the shock was abnormally high. The independence of this high apparent 
intensity to the fault has been pointed out in another place. 

To the north of Black Mountain, on the northeast side of the San Andreas Rift, 
a branch fault leaves the Rift line a little south of Portola, at an angle of about 25**, 
and is traceable for about 8 miles on the lower northeastern flank of Black Mountain. 
Bt»tween this Black Mountain fault and San Andreas Rift there is enclosed a wedge of 
* U. S. Geological Survqr, 16th Ann. Report. 
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ground in which the shock was of exceptional severity. It was traversed by numerous 
cracks, and there are other manifestations of acute disturbance of the ground, as set 
forth in the more detiuled section of the report. In this case it is quite possible and 
even probable that the movement on the mun fault in the line of the Rift was distributed 
to some slight extent along the branch fault. It is to be noted, in this connection, that to 
the south of Black Mountain there is a slight curvature in the course of the mtun fault 
to the eastward. This curvature would present an exceptional obstacle to the move- 
ment of the two crustal blocks, the one on the other, greatly increase friction, and so 
locally intensify the shock. It may thus be that the exeeptional intensity in the Black 
Mountain mass, and the consequent bulging of the isoseismals on either side of the fault 
in this vicinity, is referable to this irregularity in the plane of the fault; and that the 
branch fault at Portola may be a means of relief from the excessive pressure locally in- 
duced by the irregularity. On the southwest side of the San Andreas Rift, and on the 
other side of the bulge in the fault-trace, is the Castle Rock fault, the strike of which 
branches from the main fault on the Rift at an angle of about 20**. Altho this fault has 
not been actually traced into the line of the Rift, there can be little doubt that it is a 
branch from that fault-zone and it probably bears the same structural relation to it that 
the Black Mountain fault does, i.e., it serves as a means of relief for the exceptional 
local pressure due to the nearby irregularity in the main fault. There is, however, no 
observational evidence of any movement having occurred on the Castle Rock fault on 
April 18, altho it lies within the region of bulging isoseismals. 

In the Mount Hamilton Range, between Niles Canyon and Mount Hamilton, there 
are many faults; but none of them, so far as the information available will warrant a 
conclusion, appears to have affected in any way the distribution of intensity. Two of 
these, the Mission Peak fault, which is probably a branch from that on which cracks 
opened in 1868 near Haywards, and Mission Creek fault, pass close to the town of Niles. 
But the apparent intensity at Niles was less than on the flat alluvial tract to the west, 
and not greater than in the valley-land about Pleasanton and Livermore to the east; and 
this circumstance amounts to a proof that no movement occurred on either of these 
faults. A similar conclusion may be drawn with reference to the Sunol fault, from the 
fact that the apparent intensity at Sunol was somewhat less than at Pleasanton, altho 
the former is nearer the Sunol fault than is the latter. In the country between the 
Haywards fault and the Sunol fault there are several minor faults, but there is no indica- 
tion in the distribution of intensity of movement having occurred on any of them. 
Similar statements are true of the fault zone extending from the vicinity of Benicia 
northward on the west side of the Sacramento Valley. 

In the canyon of Pajaro River, below Cliittenden, there is an east-west fault whereby the 
Tertiary roc^ on the north side have been dropt against the granitic rocks of the Gavilan 
Range on the south. This fault crosses the San Andreas Rift, and its known extent on 
either side of the Rift is within the zone of high intensity referable to the movement 
of April 18. There are here no especial features in the distribution of apparent inten- 
sity which suggest any movement on this fault. It is possible, however, that a slight 
movement took place on this fault, since the steel bridge over the Pajaro River, which 
is about on the intersection of the two faults, was distended 3.5 feet between its end piers, 
as shown in plate 65b, in a way that can not be altogtithcr satisfactorily explained by the 
movement on the fault along the Rift. The direction of the chief dbplacement of the 
piers was about midway between the strikes of the two faults. 

In the Santa Lucia Range to the southwest of the Salinas Valley, there are several 
faults. The principal one runs along the northeast flank of the range on the edge of 
the Salinas Valley. The reasons for ascribing the high apparent intensity on the floor 
of the Salinas Valley to the character of the underlying fornir'ions, rather than to any 



350 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


disturbance on thb fault, have already been stated. Farther south, a fault runs parallel 
with the Salinas River in that portion of its course between Templeton and Dove; but 
here the apparent intensity was lower than in the valley lands both to the north and 
to the south. 

To the southwest of this is another parallel, but a longer fault, along the southwest 
side of the San Rafael Mountains. In the valley lands to the southwest of this, about 
San Luis Obispo, Eklna, Arroyo Grande, and Santa Maria, the intensity rose from III 
to IV ; but in view of the accumulation of evidence set forth in the preceding pages as 
to the influence exercised by alluviated bottoms upon the apparent intensity, this rise 
is more probably referred to the character of the ground than to proximity to this fault- 
line. South of Santa Maria is a region of frequent seismic disturbance, but no sharp 
shock of a local earthquake was felt there on April 18. 

It thus appears that in the territory extending from Humboldt County to Santa 
Barbara County, while there arc about 40 faults known to geologists who have studied 
the region, there is no evidence of movement on any of them except in 3 cases. One of 
these is a branch from the fault-zone of the San Andreas Rift — the Black Mountfun 
fault; another is a transverse fault intersecting the Rift in Pajaro Canyon; and the 
third is the fault which traverses the city of San Francisco and probably intersects the 
San Andreas fault beneath the Gulf of the Farallones. In these cases it is possible, in 
the light of the evidence, that some |)ortion of the movement on the main fault was dis- 
tributed along intersecting faults. 



DIRECTIONS OF VIBRATORY MOVEMENT. 


GENERAL NOTE. 

The data for the discussion of the directions of propagation and vibration of the earth- 
waves is for the most part unsatisfactory and leads only to a conviction of the complex- 
ity of the general problem of earth movement. Apart from the intrinsic complexity of 
the subject, there were two conditions which were adverse to the securing of exact n-ntl 
significant information. The first of these was the lack of provision for obtaining instru- 
mental records of earthejuake shucks thruout California. There were very few seismo- 
graphs instalhid in the state and such as were in exisUmce proved in large measure inade- 
quate for the purpose for which they were intended. The second adverse condition was 
the hour at which the earthquake began. At its beginning most people were asleep, 
and the confusion incident to so rude an awakening was not conducive to sharp observa- 
tion. The chief trouble, however, inheres in the intricate and confused nature of the 
earth movement itself. A brief statement of the different kinds of movement involved 
in the commotion of the earth may be of service in the formulation of clear ideas of the 
nature of the shock in general and of the question of direction in particular. 

Usually the principal movement of the ground in an earthquake is vibratory. In the 
California earthquake there was, however, a mass movement in opposite directions on 
the two sides of the San Andreas fault. This mass movement was, as has been shown 
by the work of the Coast and Geodetic Survey, distributed over a wide zone on either 
side of the fault and diminished more or less regularly with distance from it. The move- 
ment was not vibratory except to a very limiteil extent ; but it gave rise to the displace- 
ment of objects on the surface quite similar to that caused by the vibratory movement. 

Thus, in attempting to deduce the directions of propagation and vibration of the earth- 
waves from the phenomena of displaced objects or persons, it is necessary to discrimi- 
nate between the effects due to the mass movement and the true vibration of the ground. 
But this discrimination is only possible to a very limited extent, partly because the 
borders of the zone within which the mass movement caused the displacement of objects 
and persons are unknown, and partly because the two kinds of movement overlapt, con- 
spiring to produce a single effect. 

When we come to consider the earth-waves generated by the movement on the fault, 
probably as an effect of friction, it mu.st be at once apparent that these waves emanated 
from innumerable points on a plane, one dimension of which is about 270 miles and the 
other probably 20 miles or more. On this plane, if we judge from the course of the 
fault-trace, there were at certain places inequalities which offered exceptional resistance 
to movement, and at these the jar was exceptionally heavy and dominated the vibrations 
emanating from portions of freer movement. From all parts of the fault-plane, there- 
fore, waves of various amplitudes were propagated in all directions, and their paths 
intersected. The consequent interference would in part make for neutralization and 
in part for intensification of the vibratory movement. It is thus evident that the effects 
prt^uced by the emergence of these waves at the surface, or by the propagation of those 
emanating from the more superficial portions of the fault along the surface, could be 
systematically disposctl only if the following conditions obtained : 
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1. That the fault-jdane were uniformly even or systematically uneven. 

2. That the rock affected both by the rupture and by the vibrations were homo- 

geneous thruout. 

3. And that the stress which gave rise to the rupture were uniform for the entire 

extent of the fault. 

It is fmrly certain that none of these conditions actually did obtain; and we might, 
therefore, predict that the disposition of the effects of the shock, and particularly of 
the heavier portions of the shock, from which directions might be inferred, would be 
irregular, tho distribution of the intensity in the aggregate might be fairly symmetrical. 

This conclusion has been reached on the tacit assumption that there is but one kind of 
earth-wave or vibratory movement. But it is hi^y probable on theoretical grounds, 
and the theory is supported by experiment, that the vibration of the earth generated 
at the fault resolves itself into two quite distinct waves having quite different rates of 
propagation and direction of vibration. One of these is the longitudinal wave, so called 
because the vibrations are parallel to the direction of propagation, and the other is the 
transverse wave in which the vibrations arc normal to the direction of propagation. 
The rate of propagation of the longitudinal waves in highly elastic rocks is nearly double 
that of the transverse waves. It will thus be evident that at any locality within the 
zone of disturbance an object may be shaken or displaced by the emergence of the longi- 
tudinal wave at that point, and that the movement due to the emergence of the transverse 
wave may be superimposed upon this either before or after it has come to rest. The 
resultant effect will be accordingly difficult to interpret as to the direction of the vibra- 
tion for either wave. When, however, the locality in question is sufficiently far removed 
from the fault, the interval between tho emergence of the two waves may be sufficiently 
long to permit of the effect of the first being noted before that of the second is super- 
imposed. 

In the case of the California earthquake, the movement of the ground was compli- 
cated by the fact that both lon^tudinal ancl transverse waves were propagated in direc- 
tions nearly parallel to the surface from the superficial portion of the fault, and these 
for many miles out from the fault might be expected to give rise to movements discord- 
ant with those due to the arrival of similar waves from the dee))er portions of the fault. 
It would thus seem, from the considerations thus far presented, that regularity in the 
disposition of the effects of the shock upon which a judgment as to the direction of the 
vibration might be based, was about the last thing to be expected. In other words, it 
would seem, on a priori grounds, to be a hopeless task to plot upon a map of California 
the direction of propagation and vibration of the earth-waves. The hopelessness of 
the task is intensified when certain other considerations are taken into account. For 
example, there were secondary short surface-waves of low speed and high amplitude 
observed in many parts of California, which are quite different from the high-velocity 
waves thus far discust. These undoubtedly had an important effect in the displacement 
of objects and persons, and so influenced judgments as to the direction of movement. 
Similarly on the alluvial bottoms of the rivers the ground lurched consistently toward 
the stream trench, whatever the orientation of the latter might be; and the phenomena 
arising from such movement gave rise to judgments as to the direction of the earth-waves 
which were of course erroneous. 

Added to all this was the general fact that those who contributed reports from various 
parts of the state to the general account of the earthquake in many cases based their 
judgment as to the direction of the shock upon the displacement of portions of structures, 
such as chimneys, or of objects within buildings. This kind of evidence was in most 
cases untrustworthy, and could lead to reliable conclusions only when treated critically 
and statistically so as to obtain a general result. Even the displacement of buildings 
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themselves was no criterion of the direction of vibration of the ground except when 
these rested upon uniform foundations. Buildings upon poorly braced underpinning, 
such as are common in California, collapsed in consequence of the swaying; but the 
direction of the horizontal element in the collapse was more often determined by the 
nature of the structure than by the dominant movement of the ground. Even in ceme- 
teries the direction of overthrow of simple shafts, circular or square in cross-.st‘ctiou, 
failed to indicate the direction of the dominant movement, since within a small radius 
they fell to all points of the compass. The indication of the cemeteries was that the 
movement of the gi’ound was very complex; the shafts were started swaying upon their 
pedestals, and the direction of their fall was for the most part accidental, as the rocking 
increased in violence due to the accumulating impulse. Treated statistically, however, 
the larger cemeteries afforded some indication as to the direction of the dominant move- 
ment of the gi'ound. 

In view of what has been said, it will not be surprising that the effort to interpret the 
reports from various parts of the state, regarding the direction of movement of the gi’ound 
has been unsucces,sful. The reiiorts were in general contradictory for the same locality 
whenever there were two or more imleix-ndent obseiTers. It was evident that most 
of the reports were bas(*d on evidence of the movement of the ground which had no sig- 
nificance* in isolated instances, and a general critical review of the evidence was attempted 
only by a few observers. It was also evident that in many cases the effects of one move- 
ment had imprest one obseiTcr, while the effects of a different movenu'nt had attracted 
the attention of another. In the.se cases the contradiction was more apparent than 
real, but there was generally tloubt as to the correctne.s.s of both. Even when the reports 
w(!re perfectly satisfactory records of facts, the latter in many cases permitted of no safe 
inferenc*! as to direction of movement except that there were several movements in 
several directions, and that the .s<*(iuence of these could not be determined. 

The following report from E. G. Still of Liverniorc is a good example of an excellent 
account of the important facts bearing on the question of directions : 

The Railway (’onipaiiy’s big 20,00()-gnllon water-tank fell to the north-northeast. Tomb- 
stones in one graveyard fell in many directions. Lamps swung in an oval, extending about 
east and wc.sL The motion seemed to shake my bed north and south at first, then in a 
circular motion, then sideways and in every direction. Water spilt from full tanks, mostly 
on east and west sides. 

There is a suggestion here of two dominant movements — a northerly and southerly, 
and an easterly and westerly, the former being the earlier. But Mr. Crandall, for the 
same territory, reports that the general direction of motion, ba.sed on the observed spill- 
ing of liquids and swaying of suspended objects, was northwest and southeast. In 
most cases the reports consi.st of a .statement of opinion as to the direction of movement, 
without the facts uix)n which the opinion is based. 
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EFFECTS OF THE EARTHQUAKE ON HOUSES IN SAN MATEO AND BURUNOAME. 

Bt Robbrt Andbbsok. 

Immediatdy follo^mg the earthquake of April 18, 1906, a detailed study was made 
by the writer ^ of over 1,000 houses in San Mateo County. This work was carried on 
under the direction of Dr. J. G. Branner, of Stanford University. The houses examined 
included all those in the town of San Mateo and on the hills west of it in Burlingame and 
San Mateo Heights, as well as many in Homestead, Belmont, San Carlos, and Redwood 
City. Examination was made of all detiuls that could possibly ^ve a clue to the char- 
acter of the earthquake shock, and its effects upon movable things. 

San Mateo is a mile west of San Francisco Bay, and about 3 miles northeast of the 
San Andreas fault along which the earthquake had its ori^. All the houses included 
in this investigation lie between 1 mile and 4 miles in a northeast direction away from 
the nearest points along the fault. A range of hills from 500 to 700 feet hi^ lies between 
the fault and the valley bordering the bay where San Mateo and Redwood City arc situ- 
ated. The houses examined at Burlingame and San Mateo Heights stand on the north- 
cast flank of this range of foot-hills. It was hoped that the directions of the streets 
of San Mateo, parallel and at right angles to the fault, would throw some light upon the 
relations of location to the center of disturbance. 

CRITERIA. 

The following classes of evidence were examined, with especial regard to the direc- 
tion and relative force of the shock : 

1. The wreckage of brick, stone, and wooden buildmgs, the parting of walls, and 

displacement of parts. 

2. The cracking of foundations and the movement of houses on them. 

3. The cracking, crumbling, shifting, falling, jumping, and twisting of brick chimneys 

above and below roofs, as well as of cement, terrarcotta, and other chimneys. 

4. The cracking and falling of plaster and coatings of cement on the interior and 

exterior of buildings. 

5. The sliding, falling, and jumping of dishes, lamps, bric-&-brac, pictures, books, 

potted plants, and all such loose articles. 

6. The sliding, tipping, jumping, and turning of furniture, such as bureaus, tables, 

bookcases, beds, pianos, stoves, safes, machinery, and all other large mov- 
able articles. 

7. The falling, sliding, twisting, and jumping of tanks, towers, porches, pillars, 

underpinnings, gate-posts, mantelpieces, derricks, etc. 

8. The breaking and offsetting of pipes, biding of bolts, shifting of stove-pipes, 

bul^ng of windows with lead seams, and the raising and lowering of ^ding 

windows. 

9. The shifting of loo.se piles of lumber, stove, and cord wood, and various materials, 

and the sliding of articles on rough and smooth surfaces. 

10. The swinging of lian^g articles, pictures, lamps, pendulums, etc. 

11. The breaking of wire connections, such as telephone, telegraph, and light wes. 

12. The remaining in position of articles at liberty to fall in certain limited directions. 

13. The parting of ground at base of telegraph poles and crackmg of ground elsewhere. 

14. The spilling and splashing of liquids. 

15. The feelings, experiences, and testimony of people. 

This paper gives only the general results of all the data, the more important facts 
alone being tabulated. 

* Valuable aid was received from P. C. Edwards, A. L. Mots, and A. F. Taggart, students of Stanford 
University. 
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DAMAGES. 

The ^ede upon brick and stone buildings. — The region covered has only about 
25 building of brick and stone. In most cases, the damage done to these structures 
was far more severe than to those of wood. Usually a considerable part of some of the 
walls crumbled away, while the rest were left standing with large and small cracks in 
them. The tops of walls below the roofs usually suffered most, while lines of weakness 
in walls, caused by the presence of windgws, arches, and other apertures, gave way to 
cracking more readily than other parts. A few brick buildings were totally demolished, 
as in the case of the long, brick, railroad warehouse at' San Mateo. (See plate 98 a.) 
The whole center of the picture to the right and left of the tower was occupied by the 
building, of which only the foundation remtuns. 

Some brick buildings, stoutly constructed or wedged in on business blocks among 
structures that acted as common supports, withstood the earthquake well, altho some 
portion was almost invariably damaged. The triangular gable ends of brick buildings 
rarely remained in place. The cracking in brick structures seldom past thru the brick 
themselves, but usually took place along lines of cementing. The very few stone build- 
ings in the vicinity of San Mateo were almost shaken to pieces. 

Wooden buildings. — In general, wooden structures suffered much less severely than 
those of brick or stone, tho the shock was felt just as heavily in them and the damage 
to loose articles was just as great. The buildings least damaged were small wooden 
houses, which were practically proof against the earthquake. 

Foundations. — The effect of the earthquake on foundations was of great importance, 
for the foundations were responsible for much of the damage to upjxir parts of buildings. 
With reference to this point, the buildings have been divided into 3 groups — those 
having foundations of wood, of concrete, or of brick. Wooden foundations are of various 
kinds, and the group includes all houses resting directly on the ground, or on wooden 
sills or wooden underpinning, even if the latter arc supported on brick piers; it also 
includes all other buildings not having foundations of hard materials, such as concrete, 
brick, or stone. 

The foundations were examined for evidences of movements in various directions, 
and for the purpose of learning the relative amounts of cracking to which each was sub- 
jected. The accompanying table ^ves the results: 


Number of houoea examined, with number of howee moved, and number of foundations cracked. 


Char&cter of. 
foimdiLtion 

San Mateo. 

Redwood. 

Belmont, 

Homestead, 

anoSanCablos. 

Burlingame 
AND San 
Mateo Hills. 

Total. 


Homes 

moved. 

Foundations 

cracked. 

|1 

iSg 

Houses 

moved. 

12 

1i 

Pm 

i| 

H 

Houses 

moved. 

|i 

Houses 

examined. 

Houses 

moved. 

Foundations 

cracked. 

Houses 

examined. 

Houses 

moved. 

•st 

Foundations 

cracked. 

Per cent of 
foundations 
cracked. 

Wood . . 

266 

47 


63 

23 


50 

2 

.... 

8 

1 


387 

73 

17 



Concrete . 

176 

51 

43 

7 

7 

• • • • 

1 

. • • • 


41 

1 

7 

225 

59 

26 

51 

23 

Brick . . 

160 

51 

63 

8 

3 

1 

16 

.... 

4 

46 

4 

26 

230 

58 

26 

94 

41 

Total . 

602 

149 

106 

78 

33 

’"l 

67 

2 

6 

95 

6 

33 

842 

190 

23 

145 



The total number of houses falling into these groups is 842. Of these 23 per cent 
moved on their foundations. In most cases the movement was not so great as to neces- 
sitate the returning of the house to its original position, but this had often to be done, 
since many houses were rendered unstable. The distance moved varied from less than 
0.25 inch to several inches, and in cases of special severity houses were thrown a foot or 
more off their underpinnings or foundations. Those on wooden foundations moved 
the least — 17 per cent in a total of 387 such houses. There were 225 houses on concrete 
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foundations and 230 on foundations of brick, and in each case 26 per cent moved. Out 
of the total of 455 concrete and brick foimdations, 32 per cent were cracked, as follows : 
23 per cent of the concrete foundations were cracked, while 41 per cent of the brick 
foundations were cracked. Nor does this proportion fully represent the facts, for it 
was only in rare cases that the cracking of the concrete was of much importance; while, 
on the other hand, the damage to the brick foundations was often sufficient to endanger 
the stability of the house. The wooden foundations were rarely damaged. In cases where 
houses had especially heavy foundations, the damage was noticeably slighter. Heavy 
concrete foundations rendered structures almost immime to the shock. Not many 
heavy concrete bridges, for instance, were harmed. In a store that rests on the massive 
concrete foundation of a bridge crossing the creek in San Mateo, absolutely nothing 
was disturbed, altho the building overhung the creek about 7 feet. None of the many 
loose articles on the shelves fell, and a high top-heavy machine stood perfectly. 

The falling of brick chimneys suggests the possible influence of the foundations upon 
these structures. Of all the chimneys on houses having wood foundations, 91 per cent 
fell; of those on houses with concrete foundations, 81 per cent fell; of those on houses 
with brick foundations, 88 per cent fell. A truer relation is given by taking merely 
those on the flat land at San Mateo and Redwood City, where the cases are strictly com- 
parable. Of these the proportions in the same order are 93 per cent, 98 per cent, and 
96 per cent. The disadvantage of brick foimdations is fuither attested by the greater 
damage to plaster in houses built on them. 

Brick chimneys. — In the rc^on studied, the tops of 88 per cent of all the brick chim- 
neys fell at the time of the earthquake. Ihis proportion is for the whole region. The 
varying proportions in the different localities are shown in the following table : 


Table showing the number of brick chimneys examined, with per cent which fell, from houses on 

various foundations. 








Bttrlincjamf. 





San Matigo. 

Redwood CxTr. 

HoMKBT£AD, and 

AND San Matko 


Total. 







Cahlob. 

Hills. 




Character of 
foundation!. 

H 

1. 

H 



m 

^ . 

H 

II 

U « 

0. 

II 

Chimneys 

fell. 

■■‘Sr ‘ 


i| 

§i 



il 

i 

Il 

e 

P 

il 

l|| 

Wood . . 

280 

257 

64 

63 

51 

44 

15 

11 


375 

91 

Concrete . 

187 

165 

9 

8 

3 

3 

85 

55 

284 

231 

81 

Brick . . 

256 

242 

10 

9 

27 

24 

no 

88 

403 

363 

28 

Total . 

723 

661 

83 

80 

81 

71 

210 

154 

1097 

969 

88 


Besides the falling of the top.s, a large proportion of the chimneys that suffered this 
loss, as well as a great many that did not, were injured or cracked at the base or some- 
where within the house. Economically, the damagt; below the roof is the most serious, 
as it is difficult to remedy and is a menace to the safety of the building. Some chimneys 
crumbled away entirely. This happened most freciucntly to those built on the outside 
of the house, in which case they usually fell away from the house, doing little harm. 
This may be considered a point in favor of exterior flues, inasmuch as the wreckage to 
houses due to the chimneys falling through the roofs, as well as the difficulty of repairing 
interior flues, is avoided. On the other hand, the unsupported exterior chimneys show 
a greater tendency to fall. Ash-boxes at the bases of chimneys weakened them at 
these parts, and made them more liable to injury. Only 12 per cent of the tops of the 
brick chimneys remained standing, the reasons for their standing being generally found 
in the construction of the chimneys themselves. The use of cement and lime instead 
of simply lime mortar, accounts for the standing of many, although the use of cement 
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did not always insure their safety. Many that stood were found not to be built up from 
the ground, but to rest on shelves somewhere within the house. Tills method of build- 
ing seemed to preserve the clumney intact in the majority of cases. A few chimneys 
owe their preservation to their low, solid structure above tlie roof; many did not fall 
because they w(9% well-braced, citlicr by being inclosed in a wiMiden casing or a coating 
of cement, or by Ixang held by iron rods clamped into the Inick. A striking example 
of the advantage of an iron rod as support was that of a 2-story house in San Mateo. 
This house had a brick foundation ami a slender chimney 14 feet high, supixirted by an 
iron rod. The chimney stood perfectly. v 

A great many chimneys that stood well above the roof wei'o badly damaged at the 
base or within the house, and many witre cnuckcd aliove the roof and shifted a short 
distance horizontally. The use of cement in the mortar saved the cluiiiney.s in some 
instances, but a ootmmm effect of the shock on chimneys so built was to crack them 
somewhere and make them fall in one piece. In thb way solid mas.sc.s of groat weight 
were sometimes pitched on to roofs and other parts of buildings, and the insult was 
much greater damage to the house than was caused by cliimneys built with lime mortar. 
Chimneys laid with lime mortar generally broke in many pieces or fell as loose bricks. 
The use of cement below the roof was ajiparently helpful, as the chief ilanger to that 
part of the chimney is from cracking rather tlian from falling, and tlu? cement is much 
less apt to crack than the lime. Tlie use of lime mortar above the roof is better, unless 
the chimney is to be boimd and braced. The construction of boxes around chimney 
tops, and the Inracing with iron rods, ai-e two simple and efficient preventives to the 
falling of chimne 3 rs of which comparatively few have made use. 

Chimneys other than brick. — Many frf the small houses of San Mateo County use terra- 
cotta thimbles or chimney pots, in place of brick chimno 3 rs. Their efficiency against 
earthquakes is conclusively shown by the fact that a large proportion of them stood 
unhurt, even when built in stiveral sections. From 90 to 95 per cent of these chimneys 
past through the eartluiuake without haiin. Galvanized-ii'on pipes, and stove pipes 
used as chimneys, were likewise unhurt in most cases. The few chimneys tliat were 
built entiriily of concrete proved t-o lie much stronger than those of brick. 

Plaster. — In almost all houses with plastered walls, the plaster was cracked more or 
less seriously or broken off in slui'ts. The plaskT or stucco on the outside of houses 
was badly damaged. In the majority of the houses, some of the walls — usually not all — 
were seamed with small cracks which ran in every ilircction and freciui^ntly in lines 
parallel with the latlis. In other cases the cracks were wide and the walls were in large 
part laid bare. 

The second table on pagi* 30.5 givt's Ihe statistics n*garding tlu! cracking of the plaster. 
The first column includes the ca.si‘s in which the pla.st('r was almost unhurt or only 
slightly cracked. Most of th(\se buildings ilid not r(u|uire n'plastering. The second 
and third gimips include the buildings inorcf seriously damaged. IbtplaskTing was 
necessary in the second and third groups. The [Jastttr on the ceilings of hous(‘s was 
much less affected tlian that on the side; walls, and in tlu; majority of cas(‘s was unhurt. 
In 2-8tory houses the plasU'r was randy damagixl as .sevisndy on the second floor as 
on the first floor, and in wood(!n houses of three stories it was often observeil that the 
plaster on the third floor was uninjureil. This restriction of the damage; to the ground 
floor may be due to the breaking of the plaster by short, .sharp movements near the 
ground, which were translated above into the swaying of the entire upper story. That 
the plaster did not crack much on ceilings was probably due; to the fact that the ceilings 
(and the floors above) were not subjected to so much strain Ixicaasc they moved as one 
piece. Thick coatings and varieties of hard plaster seem to have been less damaged. 
New plaster not yet dry was not affected in the few cases observed. 
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Diahea, etc. — There were few houses in which something did not move or fall a notice- 
able distance, and yet few in which everything moved or fell. There was little regularity, 
even in the same house, in the amount of movement of loose objects. Innumerable 
instances of seemingly capricious variation could be cited. The earthquake resulted 
in severe damage to breakables and heavy loss of dishes and bric-k-brac. Approximate 
figures as to the amoimt of such damage are ^ven in the table on page 365. In houses 
where only a few dishes fell the damage was considered slight. Those losing about 
half of the breakables are shown in the second column, and all of the more severe cases 
are placed in column 3. The percentages are at best only approximate. In the valley 
about 40 per cent of the houses lost slightly, and 40 per cent lost heavily, the loss in 
the remaining 20 per cent being intermediate. On the hills 74 per cent of the houses 
lost but little, and even in other cases the loss was not great. Many dishes were saved 
by raised borders on shelves on which they were standing. It often happened that loose 
articles fell from the lower shelves in pantries, etc., and remained on the topmost ones. 

Windowa. — It is an interesting fact that out of a total of thousands of windows in 
the area covered by this investigation, only a few were broken. Leaving out of account 
the windows of houses that were thrown down, the total number broken by the shaking 
or compression of the walls, or in other ways directly due to the shock, was probably 
not greater than 40. In several nurseries only a few panes were broken in many glass- 
covered hot-houses. The same general fact holds true over the whole of the San Fran- 
cisco Peninsula, and in other regions affected by the earthquake that were visited by 
the writer. The majority of the windows that were broken were in brick buildings. 
That the windows were subjected to great stresses is shown by the fact that many of 
those made of parts joined by lead bulged considerably, and many were thrown upward 
with sufficient force to break their locks. In about 20 per cent of the cases where win- 
dows were raised in this way the glass was broken. 

A reaistarU type of atructure. — The data collected in this region appear to show that 
a house, to withstand an earthquake, should be constructed about as follows: The build- 
ing should be of wood, and a wooden sill should be bolted to a deei)-laid concrete founda- 
tion, the top of which should be but little above the level of the ground. It should be 
ceiled with wood within. Shelves for dishes should be closed in with doors, or should 
at least have strips along the front edges. The chimneys should be laid with cement 
mortar and boxed from a foot or two l)clow the roof to the top, and the parts above 
the roof should be braced with iron rods. The lower the structure the less strain it will 
be subjected to. Such a building would be practically proof against earthquakes having 
an intensity below X of the Ilossi-Forel scale.* 

THE MANNER AND DIRECTION OF MOVEMENT. 

Kinds of movements. — The shock of the earthquake was heavy enough to cause almost 
everything to move somewhat, and heavy objects were displaced as often as lighter ones. 
There were many cases of inconsistency in the movements, such as the displacement 
of heavy articles like pianos and stoves, where frail cups or vases remained in place; 
or such as the difference in motion exhibited by articles standing side by side. In 
many cases chimneys were thrown a distance of 6, 10, 15, and even ^ feet; a vase was 
thrown 6 feet, an accordion 4 feet, milk 8 feet. Hanging things were set in motion, 
liquids were spilt, and loose articles tipt over. 

Upward movements in many different places were attested by the fact that sliding 
windows were raised several inches with such force as to break the iron latches that 
held them down. Possibly these windows were jerked up by their weights, which 
would have been thrown down with force had the houses been subjected to sharp verti- 

‘ steel frames and roSnforoed concrete structures arc also of course eminently well adapted to resist 
earthquake shocks of high intensity. A. C. L. 
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cal movements. In Prince Poniatowski’s house, which stands on the hills at an altitude 
of about 500 feet, a mile from the fault-line, all the windows — over 30 in number — 
were so raised. It is believed that all of the windows in this case were of the kind that 
are balanced by weights hanging within the frame. In many places on low land the same 
thing occurred. In one case a baby’s cot jumped up and down, breaking its castors. 

Bodies frequently assumed positions such as would have been impai'tcd by twisting 
movements. This was true in the case of many houses, turrets, articles of furniture, 
hanging pictures, and chimneys. The apparent twists were both in the positive and the 
negative direction, and varied from a few degrees to 480 degrees. In the opinion of 
the writer, such positions were the result of a comi>lication of movements rather than of 
a twisting motion. The twisted position of furniture was often ascribablc to the rolling 
of the castors. Dishes, vases, etc., could easily change their orientation, especially 
if they were tipt up, as was frequently done. But the majority of articles were caused 
to shift their position horizontally, in one or more direct lines. A large number of houses 
slid on their foundations, dishes and books slid off their shelves, and but few things 
failed to change position. 

Movement of houses. — One of the principal objects of this investigation was to find 
out in what direction houses moved on their foundations. Data were gathered concern- 
ing 842 wood, concrete, and brick foundations in regard to wliich it could be learned 
whether or not movement of the superstructure had taken place. Of this number 190, 
or 23 per cent, gave clear evidence of movement. In each case the direction and dis- 
tance were tabulated. The directions are given in the following table. The distances 
are given in the first table on page 365. 


Table showing direction of movements of houses on their foundations (total number of observations , 190). 


Loculitiofl. 

Group 1. 
Movomeiits 

NW. and SW. 


Group 2. 
Movements 

NE. and SE. 

Group 1. 
Movements 

N . and S. 

Movements in directions 
of GrouM 1 and 2 
combined. 

NW. 

W. 

SW. 

SW. 

and 

NW, 

NE. 

E. 

SE. 

NE. 

and 

SE. 

S. 

N. 

NW. 

and 

NE. 

W. 

and 

E. 

SW. 

and 

SE. 

SW. 

and 

NE. 

NW. 

and 

SE. 

San Matiio .... 
Redwood .... 

25 

0 

23 

8 

40 

1 

18 

8 

1 

io 

10 

5 

2 

4 

1 

4 

2 

.... 

2 

3 

5 

5 

Belmont, Home8t(*ad 
and San CarloH . 



1 

1 










Burlingame and San 
Mateo IlillH . . . 



2 

1 







2 















' 


.... 


Totals 

31 

31 

44 

19 

9 

10 

15 

2 

___5 

6 

2 

2 

3 


5 

Group totals . . . 


125 



36 


1 




17 



Group per cents . . 

05 

19 

0 



9 




Moved either SW. or NE., or in both directions, 31 |K*r cent of total; moved either NW. orSE., or in 
both directions, 27 per cent of total. 


The majority of houses that shifted moved southwest and northwest, or condonations 
of these directions. The west movements tabulated in practically evtsry case were a 
combination of movement of the house over the edge of the foundation to the northwest 
and southwest equal distances, so that the effect was the same as from a single move- 
ment west. It was not known whether there had been a single shift west, or two at 
right angles southwest and northwest. The author inclines to the belief that there 
were two main movements causing houses to shift southwest and northwest, rather than 
one in an east and west line, inasmuch as so many of the movements were simply south- 
west or northwest, or not directly west. The movements tabulated in the southwest 
and northwest column arc those cases in which both movements affected the house, one 
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predominating over the other. Grouping together all movements recorded as north- 
west and southwest and west, it is shown that 65.5 per cent of all the houses moving 
shifted in these directions. The second group of the table includes all movement in 
directions opposite to those of group 1 — that is northeast, east, and southeast. These 
make up 19 per cent more of the total. In the third group are included all those moving 
back and forth in the directions of groups 1 and 2, or partly in one main direction and 
partly oppotite to the other mmn direction. These comprize 9 per cent. If, then, as 
the writer supposes, the west and east directions may be eliminated by being separated 
into their components, there will be 93.5 per cent of the total number that moved north- 
west, southwest, northeast, and southeast. 

Movement of chimneys. — The great majority of chimneys in the region under discus- 
sion are of brick. They are of many different shapes and sizes, in different positions 
on the roofs, of various materials, and are affected % structural variations and by age. 
They could not be expected to show perfect consistency in the direction of fall, but 
statistics were gathered in order to find out the tendency of the majority and their value 
as indicators of direction and intensity. 

In the following table the brick chimneys an; grouped according to whether they 
fell in the direction of the slope of the roof on which they stood, obliquely, or at right 
angles to this; directly opposite to this, up the roof; or according to whether they 
jumped. Those not fidling form another group, of which a few shifted horizontally. 
The majority of streets on which the houses enumerated in this paper arc situated, run 
in northwest and southeast, and southwest and northeast directions, so that the slopes 
of roofs are generally in those directions. More slope northwest and southeast than 
southwest and northeast. These directions of roof-slope make themselves apparent in 
the table, inasmuch as the slope of the roof exerts a marked control over the direction in 
which a chimn^ falls. 



> 60 per eent of all that fell. 

Fell in known direct ions 

. . 821 

• 22 per oent of all that fell, 
s 3 per oMit of all that fell. 

Caved away and fell in doubtful directions . . . 

. . 101 

4 3 per eent of all that fell. 

Total fell 

. . V22 

4 7 per eent all that did not faD. 

Shifted 

. . 0 


Stood without falling 

. . 118 


Total number of ebimneya 

. . 1049 
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It will be scon from the preceding table that out of a total of 922 brick-chimneys that 
fell, 60 per cent went down the roof, while only 3 per cent fell in the oppomte direction; 
22 per cent fell obliquely, and 3 per cent with a leap apparently regardless of the roof. 
The predominance of the northwest and southwest directions, however, does not seem 
to be wholly due to the roof-slope. The table shows that in each division the north- 
west-southeast and northeast-southwest directions of movement arc in the majority, 
even tho the chimneys have fallen in a direction contrary to the slope of the roof. 
The evidence here is not of the best, but there certainly seems to be a tendency toward 
motion in the same directions as those dominant in thc>«ase of the houses themselves. 
It may be supposed that chimneys fell in those directions owing to the movement of the 
house, but the majority of chimneys falling came from houses that were not dislocated. 

The evidence of tho chimneys falling obliquely, up the roof, shifting, and jumping 
was the best, since they movcil without regard or in opposition to structural influence. 
Among these much the largest number of movements in any two directions were north- 
west and southwest, and the next lai'gest number just opposite. The northwest-south- 
east and southwest-northeast movements, then, were in the majority, making a total 
of 41 per cent, while a majority of those remaining moved in directions intermediate. 

Movement of dislies, books, etc. — Such loostj articles as Ixwks, dishes, bric-k-brac, 
and lamps arc, as a rule, free to fall or slide as they will, but in this region, especially 
in the town of Han Mateo, the shelves on which many of them stood faced northwest, 
southwc.st, northeast, and southeast. The possible directions for falling in such cases 
were limited and this detracts somewhat from the value of the figures in the table. 


Table showing percentage of directions in which dishes moved. 


Direction. 

Per cent moved, by directionfi. 

Direction. 

Per cent moved, by direciiona. 

NW. 

22 \ 

49 


w. 




SW. 

27/ 


E. 

3f 


u 

NE. 

20 \ 

20/ 

40 

“ oH 

N. 

1.51 

4 

SE. 


S. 

2.5 f 




SW. to NE., 47 per cent; NW. to SE., 42 per cent. 


Of objects overthrown, 89 per cent fell in one of these four directions. Tho many of 
the movements were det(!rmined solely by the direction in which the shelves faced, still 
the small numl^er of movements in intermediate directions favors the idea that north- 
west and southwest and oi)posite movements preilominate, for many of the cases recorded 
were of articles free to fall in any way whatsoever, and others were of articles that slid 
some distance along shelves without falling off. The east and west movements were 
more itnportant than those north and south, showing a tendency in that way. 

As to the cases in which dishes remained in position without appreciable shift on 
shelves facing in the four main directions of movement, the southwest-facing shelves 
were most of them left empty, and there was a much greater number of cases in which 
dishes remained stationary w'hen it seemed natural for them to fall northwest, northeast, 
or southeast. 

The case of a town library is especially worthy of mention : of books facing southeast, 
none fell ; of those facing northwest, a few fell ; of those facing southwest, all fell. 

Movement of fvmUvre, etc. — These data include facts concerning the direction of 
movement of pianos, stoves, tables, bookcases, beds, bureaus, counters, cases, mantel- 
pieces, safes, deposits of merchandise, and the like. These were generally free to move 
in all or most directions. The way in which the furniture was moved was learned at 
every house, and the results tabulated by regarding every direction of movement in 
any one house as a imit. Each unit, or case of movement, therefore, usually represents 
several individual movements. 
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TM» giving data in regard to the moving of furniture. 


Direeiions. 

PereentaiM 
of oases in which 
furniture, etc., 
moved. 

Number of cases 
in which articles, 
such as pianos, 
stoves, etc., 
moved. 

Directions. 

Percentace 
of oases in which 
furniture, etc., 
moved. 

Number of cases 
in which articles, 
such as pianos, 
stoves, etc., 
moved. 

NW. 

19 

14 

8SE. 

2 


SW. 

31 

6 

ESE. 

0.3 


NE. 

18 

4 

ENE. 

0.3 


SE. 

11 

6 

NNE. 

0.3 


NNW. 

1.3 


W. 

6 


WNW. 

1.3 

2 

£. 

3 

2 

WSW. 

2.0 


N. 

2 

2 

ssw. 

1.3 


8 . 

3 

3 


Here again the movements in northwest, southeast, southwest, and northeast direc- 
tions far outnumbered all others. The total movements in these directions is 79 per 
cent. There were many cases of movements in directions slightly oblique to these, but 
tffliding the same way, which, if included, would swell the total. The southwest direc- 
tion was much more frequent than the northwest, and the movements along southwest- 
northeast lines were much in excess of those at ri^t an^es. The west and east shiftmgs 
were more frequent than those to the north and south. The pieces of furniture moved 
in various ways, tipping over, sliding, and jumping. The movements were often back 
and forth. There is an apparently authentic case of a china closet tipping to the north- 
west, resting at an angle of al^ut 60° against an obstruction, and tipping back 
to its original position. The number of heavy pianos, stoves, and safes which were 
moved is ^ven in the preceding table. Sixty-six per cent of them were moved north- 
west and southeast and southwest and northeast. The evidence is especially good in 
such cases as the diding of cash re^sters and scales on smooth counters, which in several 
instances went northwest, southwest, and southeast. The ornamental top of a soda 
fountun, balanced and free to fall any way, fell toward the southwest. 

Experiencea and testimony of peopie. — An earthquake comes and goes so suddenly 
and unexpectedly, and there are so many things to think about, even when one is able 
to formulate any thoughts whatever, that the description by people of the manner in 
which they felt the shock is apt to be only fragmental at best. It is the almost universal 
testimony in the San Mateo re^on that the first shock was followed by a lull, and that 
this was followed by a renewal of the motion in a different direction. Many state that 
the shock following the momentary lull was the heavier of the two. As to which of 
the two movements along lines northwest-southeast and southwest-northeast came 
first, little evidence has been forthcoming. Persons who agreed in regard to there being 
two successive directions of vibration differed as to which prect?ded. There were two 
cases of the spilling of liquids noticed by persons, and in both the statement was made 
that the liquid splasht toward the northwest at the first shock. In one of these cases 
the northwest splash was followed by one toward the southeast. A lady who was awake 
when the shock came siud that things on the southeast side of the room began falling 
first. A jeweler declared that he was satisfied, from the movement of his pendulums, 
that the main shock was southwest and northeart. Two people were thrown out of bod 
in the same house, one of them being thrown northeast, the other southwest. One of 
these, after getting up, was thrown southeast from a standmg position. 

SpiUtshing of liquids. — A form of evidence that could not be influenced by artificial 
position of any kind is that of the splashing of liquids. It is, however, evidenee that 
is difficult to get at, partly because the signs of direction are so transient, and partly 
because even when they remain long enough to be seen, they are apt to be either care- 
lessly or not at all observed. The 30 cases of spilling that were considered trustworthy 
and were recorded point to movements northwest-southeast and southwest-northeast. 
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TaNt thovring dineHmt in tiAiek liquidn apiU. 


Direction. 

No. of cecec 
of ipillins. 

Per cent, by 
direetiona. 

NW 

6 

20 


SW 

6 

20 

1 43 

Both NW.-SW 

1 

8J 


NE 

SE 

4 


Both NW.-SE 

A 


Both SW.-NE 

5 

ENE 

1 



W 

1 

3 

12 

Both E. and W 

1 

3 

Both ESE. and WNW 

1 

3J 


Total 

30 



SW. or NE., or both SW. and NE., 61 p. ot.; NW.. or both NW. and SE., 34 p. ct. 

In 20 per cent of the cases the liquid spilt northwest; in 20 per cent southwest; and 
in 3 per cent in both directions, making a total in these two ways of 43 per cent. Four- 
teen per cent spilt northeast, and 31 per cent northwest-southeast and southwest- 
northeast, in combination. This makes a total of 88 per cent in which spilling took 
place along the same lines in which movement in all previous cases predoromated. The 
rest of the cases of liquids spilling tended the same way, none having gone north or south. 
The water in a reservoir was observed by one man at the time of the shock. He said 
the water seemed to move in waves toward the northeast, and that it splasht hi^ - 
on the northeast side of the reservoir. Others declared that waters were calmed by 
the quake. Tanks of water were repeatedly either wholly or partly emptied by the 
splashing of the contents. One lady states that her goldfish were thrown out of a little 
pool with the water, toward the east-northeast and west-northwest. 

Movement of various other bodies. — This paragraph includes all important items of 
evidence that have not found a place in previous sections. It covers cases of failing, 
leaping, and sliding of towers, tanks, porches, pillars, underpinnings, gate-posts, arches, 
roofs, and the pulling apart of walls and partitions, besides the movement of many 
smaller articles. The evidence in most of these cases is especially good. For instance, 
a heavy marble slab on a counter slid lengthwise toward the northwest. A derrick 
which was leaning northeast was thrown toward the southwest. The following arc the 
percentages in over 50 such cases: southwest, 35 per cent; northwest, 24 per cent; 
southeast, 17 per cent; northeast, 11 per cent; a total of 87 per cent for these 4 direc- 
tions, while the other 4 directions, north, south, east, and west, total only 13 per cent 
of the movements. This is more evidence tending to the same conclusion as before; 
namely, that the southwest and northwest movements, and their opposite directions, 
far outnumber all others. In general, things that are thrown or that fall or slide freely 
furnish the best criteria for judgment as to the direction. The above list is largely made 
up of data of this kind. The cases of pulling apart of walls included are very few, for 
in the majority of instances in which parting of walls occurs the action b dependent 
on too many other factors. 

Predominance of “northwest and southwest movements. — It has been shown that the 
movements northwest and southwest, and those opposite, greatly exceed in number 
those in all other directions; and there is no question as to the predominance of the 
first two over those opposite to them in almost every case. It b clearest in the move- 
ment on foundations and the splashing of liquids. Evidence in regard to relative amounts 
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of movement m the first-mentioned directions and in those opposite seems to be best 
in the case of foundations, since loose articles may oft^ have been thrown in the direc- 
tion of an earthquake thrust, while houses moved opposite to it. The supposition is 
that houses usually shifted oppomte to the thrust. Furthermore, it must be borne in 
mind that the contents of a building may be influenced by the movement of the building, 
rather than by the direct earthquake thrust itself, and thus give results pointing in the 
opposite direction. 

Cause of skating. — From the fact that northwest and southwest displacements were 
of most frequent occurrence, it seems likely that the main caiirhquake movements were 
southeast and northeast. 

The fault which is believed to have caused the earthquake runs in a direction about 
N. 40** W., and passes within 3 miles of San Mateo. It will be noted that the dominant 
directions of movement were parallel and at right angles to the fault-line. 

Evidence appears to show that in any one direction there was a succe8.sion of thrusts. 
In one instance, a bureau was jerked by successive small movements a distance of 6 feet 
toward the northwest. The course of such moving objects can often be traced by the 
marks left in dust. Some objects that were moved had rc^tumed to their original posi- 
tion when the end of the shock came. 

Rdative intensity of the main movement. — Considering only the northeast-southwest 
directions and those at right an^es to them, we find that of all the houses that moved 
on their foundations, 31 per cent shifted southwest and northeast, and 27 t)or cent north- 
west and southeast. (Sm table on page 359.) 

Of the chimneys that fell obliquely or upward with reference to the slope of the roof 
or that jumped or shifted, which gave the most trustworthy evidence in cases of falling 
chimneys, 22 per cent moved southwest and northeast, and 19 per cent northwest and 
southeast. The figures for all the chimneys give the predominance to movements in 
the northwest and southeast directions, but this fact is not significant, since the majority 
of roofs sloped in those directions. 

Among the cases of liquids spilt, the southwest-northca.st movement was greatly 
in excess of that northwest and southeast, 51 pttr cent of the total spilling in the former 
wajrs, and 34 per cent in the latter. 

In addition to the evidence of the figures in other tahh's, that given in the; table on 
IMigc 361 may be cited. Forty-seven per cent of the di.shes and similar aI•ticl(^s went 
southwest and northeast, while 42 iwr cent went northwest and southeast. The same 
fact is indicated by the dishes that fa(;ed in tlu'se din'ctions and did not fall. Fifty- 
eight per cent of the cases in which dishes remained standing on the shelves, when 
they were at liberty to fall in one or more of these ways, were cases in which they 
failed to fall northwest or southeast. According to the tablet on page 362, in 49 jx'r cent 
of the cases of furniture movement the direction taken was either southwest or north- 
east, or both; whereas it was northwest or soutlK'ast in only 30 iwr cent of such 
cas<». 

The following table enumerates the cases in which houses moved a distance of more 
than 0.25 inch on their foundations; in other words, the worst cases of the kind. It 
gives the sum of the distances moved in each direction. 

Among the must serious shifts, those to the southwest predominate slightly in number 
and distance over the northwest ones, but owing to the excess of southeast movements 
over those to the northeast the percentag(w for the combined opposite movements arc 
just the same — 37 per cent in each case. Numerous houses shifted both southwest 
and northwest, but different distances each way. In exactly half of the cases the move- 
ment southwest was greater, and in the other half that of the northwest movement was 
in excess, while the average distance moved cither way was the same. 
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Number of cases in which houses moved measurable dislanees on their foundations in 
different directions, and average diatanee moved. 






Total moved and 






percentage by 


Direction. 

Number of 

Average distance 
moved (inches). 

direction. 

AveraM distance 
moved (inches). 

house! moved. 










Per cent 
of total. 


NW. 

31 

1.19] 





sw. 

39 

1.05 


84 

69 

1.15 

w. 

14 

1.36 





NE. 

6 

1.91] 



V 


BE. 

14 

1.29 


29 

24 

1.39 

£. 

9 

1.22 J 





N. 

S. 

4 

b 

2.371 

.80] 


9 

7 

1.50 

Total . . 

122 

1.24 


1 



SouthwoRt-northeaHt, 45 =-37 p. ct. of total; northwest-southeast, 45=37 p. ct. of total. 

The entire number moved in first three and opposite directions was 113, or 93 p. ct. of total. 

INTENSITIES. 

The houses covered by this study may be grouped in three divisions, according to 
locality: those on the hills at Burlingame and San Mateo heights; those at Belmont, 
Homestf^ad, and San Carlos, which are partly on the level valley land and partly <hi the 
low hills; and those at San Mateo an<l Redwood City, on the valley-floor. The data 
indicate strongly that the intensity of the shock was less on the hills than on the flat, 
in spite of the fact that the houses on the hills were nearer the fault-line. In fact, several 
houses on the rock-formed hills very near the earthquake fracture did not gfve evidence 
of any greater intensity than those at San Mateo. 

The Buri-Buri Ridge, as the hills are called, is composed of an old and very much 
compacted series of sedimentary rocks, sandstone, shale and jasper, and of serpentines. 
Moreover, they are not deeply covered with soil, so that they form a strong foundation 
for the houses. 

The percentage of houses that moved on their foundations on the hills was 6 per cent; 
and at Belmont, etc., 3 per cent moved, as against 27 per cent at San Mateo and Red- 
wood City. This is shown in the table on page 355. Among the very few houses that 
shifted <m the hills and in the Belmont re^on, only 4 or 5 moved an appreciable dis- 
tance, while in a majority of cases in the valley the movement was consideraUe. 

From the figures given in the table on p. 356 it appears that of the chimneys, 73 per 
cent fell on the hills, 88 per crat in the intermediate settlements, and 92 per cent in the 
valley. The intensity of the shock, as shown by the amounts of falling of dishes and 
cracking of plaster, was greater in the flat country. The following table gives the per- 
centage in these cases. Of course the classificaticm of the damage is very arbitrary 
and the figures at best are but indicative. Of cases recorded in which furniture failed 
to move appreciably in houses, 90 per cent were on the hills. 


Degrees of damage to plaster and househM articles on hills and low lands. 


Ahootit or Damaob. 

San llATifio AMD Redwood. 

Belmoiit Huxa nc. 

Slight. 

Medium. 

Great. 

Slight. 

Medium. 

Great. 

Peroentage in cases of crack- 
ing of plaster .... 

40 

30 

11 

79 

11 

10 

Peroentage in cases of falling 
of dishes, etc., in varying 
amounts 

40 

20 

40 

74.3 
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The testim<Miy is good in all cases that structures on the hills suffered less severely 
from the earthquake than those on the plain. If a large amount of similar data could 
be collected on the low, alluvial, often marshy, flat land bordering the bay, it would 
probably be shown that the movement there was still more intense. Houses, however, 
are not frequent thm«. In low bottom-land there were indications of great intensity, 
and especially in the case of ground artificially filled in. A good example was given by the 
electric rmlroad track a few miles north of San Mateo, shown in plate 97c, n. It was 
built over the low land on a heavy, but loose, embankment of earth and stone. At one 
place this roadbed was shaken apart between the rails, and a crack from 1 to 2 feet 
wide and extending down numy feet, nearly if not quite to the level of the valley, was 
formed in it for a distance of over 1,000 feet. It ran northwest and southeast, parallel 
with the road, and thruout that stretch not one of the heavy steel rails was left unbent. 
One 30-foot rail that was examined had been bent 2 feet horizontally and 10 inches ver- 
tically. Such wrecking of rmlroad tracks occurred wherever the underlying founda- 
tion was loose, but the stretches of track on solid ground were not affected. The 
low, muddy land along San Francisco Bay, east of San Mateo, was seamed with cracks 
by the earthquake. 


CONCLUSION. 

The following are the main conclusions arrived at in the course of the work : 

1. It is evident that much of the damage to houses, as well as to their contents, could 
be avoided by judicious construction. The disadvantages of certain classes of structure 
should be acknowledged, and search made for more successful styles. Houses prac- 
tically earthquake-proof can be built easily and cheaply. 

2. The dominant directions taken by moving bodies during the course of the earth- 
quake shock were southwest and northwest, with movements northeast and southeast 
only second in number. There appear to have been felt in this re^on two main thrusts 
or sets of movements that emanated from the fault-line in southeast and northeast 
directions. 

3. The shock was less heavily felt on the hills than on the level land. The lower 
slopes were affected in an intermediate degree. The difference in the two extremes was 
probably almost as much as one degree of intensity in an earthquake table of 10 units. 
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DIRECTIONS IN THE TOMALES-BOLINAS DISTRICT. 

Bt G. K. Gilbert. 

The greater number of my notes as to direction of motion pertain to the shifting 
of houses which left their foundations. Most of the houses in this district which were 
thus shifted stood on light, vertical, wooden piers or props, and fell from their props 
in shifting. The direction of falling was so frequently downhill as to show that the 
slopb of the ground was an important factor, and this fact leads me to give little weight 
to data of this character. There were, however, a few houses which, resting upon flat, 
unyielding foundations, were shifted horizontally upon these, and their evidence is of 
greater value. 1 think also that some weight should be given to the dominant direction 
in which houses of a group were thrown from their supports. 

Other data as to dii*ection are found in the falling of men and animals, and these 
seem to me of value wherever a dominant direction affected a group of individuals. 
The direction of fall of a single individual might readily be conditioned by muscular 
reactions, and thus give little evidence as to the direction of the strongc.st tremor. 

I am led to (question evidence from the shifting of furniture and the throwing down 
of objects on shelves, because in every instance the direction of vibration of a building 
appeared to be controlled partly by its structure. In view of these considerations, 
1 regard the greater number of my observations on direction as of little significance, 
and do not report them. 

The clearest data as to direction are at Inverness. While there was much variety 
in the direction of motion of houses at that locality, it was quite clear that the dominant 
direction was westward. This also was the direction toward which 4 out of 5 water- 
tanks were shifted, and it was the direction toward which the mud on the bottom of 
Tomalcs Bay was moved. The locality is within less than 1 mile of the faUlt-trace and 
is on the southwest side. 

At Point Reyes Station, situated 0.25 mile northeast of the fault-trace, the dominant 
direction of shifting was southward, and an exceptionally definite record was made by 
the school-house, which rested on a firm, flat foundation and was slid toward the south. 

At Olema, 2 miles southeast of Point Reyes Station and similarly related to the fault- 
trace, the dominant direction of motion was southwest, or toward the fault, the best 
single instance being that of a pool of water which spilt in that direction. 

At Dipsca Inn, 0.66 mile northeast of the fault, a pier running northeast from the 
spit was wracked toward its outer end. A line of telephone polos crossing the lagoon 
from the end of the pier was slanted in the same northeast direction. In the Inn objects 
were thrown southw(>st, and of three cottages injured two were shifted or wracked to the 
southwest. On the mainland nearby a part of Mr. Morse’s pier was wracked to the south- 
west. Collectively these facts indicate a dominant vibration to and from a northeast 
direction. 

At Willow Camp, close to the cast angle of Bolinas Lagoon and about a mile northeast 
of the fault, several houses moved short distances toward the southeast. 

These various directions are platted in fig. 65. 

niRKCTIONS INOICATED BT MONUMBNTS IN CEMBTBRIES. 

Prof. F. Omori attempted to determine the directions of the earth’s vibrations by a 
statistical study of the thrown monuments in the cemeteries south of San Francisco. 
’The results of his investigations are shown graphically in fig. 66, in which it appears 
that the greater number of monuments were thrown in the quadrant between north- 
east and southeast. ’The mean direction of overthrow is N. 76° £., which is regarded 
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as the direotioa towavd which Ihe gseatest horizontal displacement took place due to 
vibration. Other observarions on the directions of the vibratory movement may be 
found in PiDfessorOmori’s paper.* 



Fia. 65. — >^Directiot>8 of earthquake 'motion. Fm. fifi. — BtatiHtical reprcRoiitatioii of tlu* directioiiR (»f fall of monu- 


ments is the cemeteries south of San Francisco. Each z represents 
a monument which’ fell in the direction indicated by tl&o radius 
on which the z is placed. After Omorl. 

^Preliminary, note on the cause of the San Francisco enithquake of Apnil 18,, 1906. Bull. lmo> 
E. 1. C., Vol. 1, No. 1. 




MAMNE rilEMOMENA. 


The effect of the earth movement on the sea-leveL — In earthquakes along coastal regions 
the waters of the ocean arc usually affected, particularly if there be a displacement of 
the sea-bottom. If the displacement has a considerable vertical component, so that 
one portion of the sea-bottom is dropt relatively to an adjacent portion, the ensuing 
displacement of the prism of water over the region affected will generate a periodic wave, 
which will cause the water along the coast to rise and fall with more or less disastrous 
results. If the dropt portion of the sea-bottom is on the landward side of the fault 
upon which the displacement occurs, the wave will be greater for the same amount of 
displacement than if the drop is on the seaward side. If, however, the vertical com- 
ponent of the displacement is quite small, and the movement is chiefly horizontal, as 
in the case of the fault of April IS, 1900, the sea-wave will be correspondingly insignificant. 

The bottom of the Gulf of the Farallones, which was traversed by the fault from 
Bolinas Lagoon jbo Mussel Rock, comiirizes the inner shallower* portion of what is known 
as the 100-fathom plateau off tlic coast of California. This plateau stretches seaward, 
with an averages breadth of 22 miles, immediately off the short line of coast from Pigeon 
Point, in latitude 37° 11', to the mouth of Russian River, in 38° 2(1', a distance of al)out 
80 geographic miles. The area of this part of the plateau is about 2,500 square miles, 
which includes the area of the Gulf of the Faralloiujs, about 1,200 sc|uarc miles. On it 
lie the Southeast Farallones, the North Farallones, Noonday Rock, and the Cordell 
Bank, having a northwest and southeast bearing thru 30 geographic miles. The line 
projected southeastward strikes Pigeon Point. (Sec map No. 4.) The summits of 
the Farallones rise as much as 340 feet above the sea; Noonday Rock has 3 fathoms 
of water over it, and the Cordell Bank has 19 fathoms. Inside of these islets there is a 
very uniform bottom of sand, with a gi-adually decreasing depth of water toward the 
shore. Outside of the islets the grade of the bottom rapidly increases. The 100-fathom 
line reaches 5 miles to the southwest of the Southeast Farallones; thence it is 10 miles 
to 500 fathoms and 29 miles to 1,728 fathoms. 

There is no means of directly ascertaining the amount of the vertical component of the 
fault of April 18 for those portions of the fault-trace which lie on the sea-bottom across 
the Gulf of the Farallones or in the region to the northward. But where it traverses 
the land to the south of Mussel Rock, there is no evidence of vertical displacement; 
and to the north of Bolinas Bay, while there is evidence of an uplift on the west side of 
the fault, that uplift is slight, not exceeding 1 or 2 feet. The absence of a periodic wave 
at the Golden Gate indicates that the vertical displacement on that segment of the 
fault which crosses the Gulf of the Farallones, if there was any, was very small. While 
there was no periodic wave of the oceanic water generated by the horizontal displace- 
ment of the sea-bottom, there was an interesting disturbance of the level of the sea, 
shown by the tidal gage near Fort Point on the south side of the Golden Gate, which is 
probably to be classed with the secondary phenomena arising from the displacement. 

The tidal gage yields a record known as a marigram, upon which is chronologically 
indicated the rise and fall of the water in the Golden Gate with the incoming and out- 
going of the tide. The record is said to be sensitive to the impact of waves breaking 
upon the bar outside the heads distant some miles from the gage. It is also sensitive 
to the conflicting volumes of water from the north and south parts of the Bay, when 
these are striving for mastery on the fading tide. Former submarine earthquakes in 
distant parts of the Pacific have generated waves which have been recorded on the 
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marigram at the Golden Gate. The marigram near Fort Point, for April 18, 1006, 

shows (fig. 67) a depression of the water-level in the Golden Gate at the time of the 

earthquake, or ratl^ a little subsequent to that event. The amount of the depression 

was slightly in excess of 4 inches. The man- ^ 

gram shows a blurring of the pencil mark hY)m S 

the direct action of the earthquake agitation, 

and this bearing serves to give approximately V 

the time of the shock. It shows that the run- S 

ning dock of the gage was probably too slow, ^ 

and that the depression of the water-surface ^ 

did not be^ instantaneously, but followed tdter 1 

an interval which may have been from 9 to 10 ^ 

minutes. Before the shock the gage had had a 

small vertical movement, ascribed by the officers ^ 

of the Coast and Geodetic Survey to an im- 

perfect oscillation across the Golden Gate. This '^^Slurred 

minor vertical movement continued during the 
drop in the levd of the water after the shock. 

The time for the lowering of the water was 

9 minutes, as near as can be read from the A 

marigram. It immediatdy began to recover, j 

and the record shows that the water levd rose u ^ S 

without minor oscillations, to the normal level ^ ^ 

witlun 7 minutes, the total interruption in the I f ^ 

normal marigrmn curve due to this depression 1 1 s ^ v 

being 16 minutes. After full recovery to normal \ 

levd, the depresdon was not followed by a com- M ^ 

plementary rise of the water-surface, and in R 

this sense the movement was not periodic. The ? » S' r 

minor oscillations referred to above ceased when ^ / 

the maximum depression was reached, and do ^ 1 S 1 

not appear in their characteristic forms on the 

marigram curve for some hours after. They !• i f / 

were replaced, however, after 6 o’clock, by 2 or ^ 1 

3 oscillations having a period of about 40 to 45 S' i- 1 \ 

minutes and an amplitude of 1 to 2 inches. is.! jr 

These probably correspond to oscillations in San f f V 

Francisco Bay. " ? | ^ 

The Tidal Division of the Coast and Geodetic §. o > ^ 

Survey very kindly computed the time which 1 1| 

would be required for a wave generated at the ' ** " jT 

fault-line on the bottom of the Gulf to reach 
Fort Point, and fotmd that it would require 9 
minutes, on the assumption that Fort Point is f 

6 statute miles distant from the fault-trace in 
a direction normal to it. The position of the 
gage is, however, 1.3 miles distant from Fort >> 

Point within the Golden Gate, so that the time 
necessary for the wave to reach the gage would ^ 
be somewhat longer. Now the time at which ^ 
the gage began to fall is between 9 and 10 minutes --il 


IP? 

M a "S' a 

n S; >4 

Is I 
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after the first interruption and blurring of the record by the shock itself, and this 
coincidence in time suggests that the fall in the water near Fort Point was due to a 
negative oscillation generated at the line of the fault. The effect produced would have 
been brought about had there been a slight drop of the sea-bottom on the outer side of 
the fault. But there is independent evidence, to the north and south of this particular 
segment of the fault, that there was no drop on the west side, so that this explanation 
can not very well be entertmned.* It is also possible that the effect observed might 
have been brought about by a slight expansion of the confines of the Gulf of the Faral- 
lones, due to the differential movement along the fault^but this would not explain the 
coincidence in time. The period of the east-west oscillation of the waters in the Bay 
of San Francisco, between West Berkeley and Fort Point, has also been computed by 
the Tidal Divinon of the Coast and Geodetic Survey to be about 40 minutes. This 
agrees fairly well with the two or three oscillations recorded by the gage after 6 o’clock, 
and indicates that the drop of the water-surface outside of the Golden Gate generated 
an east and west oscillation in the Bay of San Francisco. 

Tidal observations conducted at Fort Point for a period of 1 year from the date of 
the earthquake indicate that there was no change of the relative altitude of sea and 
land at that point, as compared with the conditions prevailing during the 3 years pre- 
ceding. A review of the observations for the past 9 years, by the Coast and Geodetic 
Survey, reveals, however, the interesting fact that in that period of time there has been 
an apparent subsidence of the coast at that point of 4.8 inches, practically all of this 
having been accomplished in the first 6 years of this period. There has been no move- 
ment in the last 3 years. (April 18, 1907.) The only other tidal gage maintained on 
the coast of C!alifornia is that at San Diego, and the marigram obtained there shows 
no abnormal movement of the surface of the sea referable to the earthquake. 

The only other report indicating that the level of the ocean was affected along the 
coast is by W. W. Fairbanks, of Point Arena, who says: “I have endeavored to learn 
of any unusual action of water along the sesrcoast, and can relate but one instance of 
anything approaching the character of a tidal wave. On the day of the shock I traveled 
by wheel and on foot from Albion to Point Arena, 25 miles. At the mouth of Navarro 
River, at 8 o’clock on the morning of the 18th, 1 learned from reliable sources that a 
section of about 10 acres of low, flat land about the mouth of this river was entirely 
submerged for some minutes immediately after the shock.” 

The shock feU by ships. — Information regarding the perception of the shock on ships 
at sea or in harbors has been collected by Prof. George Davidson, and the following 
notes are chiefly the result of his inquiries: 

The U. S. T. S. Pensaeda, moored to the pier at the U. S. Naval Training Station, 
Ycrba Buena Island, San Francisco Bay, felt the shock on the morning of April 18, 1906. 
Surgeon L. W. Curtis reports that while in bed on the Pensacola he felt a vibratory shock 
lasting about 30 seconds, with one heavy jar about the middle period of the shock. A 
gentle rumbling sound coincided with the shock. The phenomenon closely resembled 
vibrations which are at times sot up in the ship’s hull on starting the dynamo, and it was 
mistaken for that, tho much more active and exaggerated than ever before observed. 
The vibration shook down some loosely piled books and papers from a table. 

‘ This eimlanation is, however, advocated by Prof. H. F. Reid. In a note received while these pages 
are in proof he says: “ If a depression occurred on the western side of the fault-line, extending for some 
distance to the westward , it would start a wave of depression towards the Golden Gate which would take 
9 minutes to reach Fort Point and this is just about the time recorded by the gage. The time necessary 
for the recovery to normal level would depend upon the extent of the area d^ressed. If this were a 
narrow block, a wave of elevation would follow quickly upon the wave of depression and we should have 
a rapid elevation of tho tide-gage above its nomud position. As no such wave appeared and recov- 
ery was very gradual we must suppose that the deprest area extends for some distance to the west- 
ward, so that the recovery was slow. This is the only explanation so far offered, that would produce 
the effects tdrserved.” 
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The pilot-boat Grade S. was lying in 18 fathoms of water near the lightship off the 
San Francisco Bar. She was suddenly struck by a seaquake which caused her to quiver 
as if the chain were running out of the hawser pipe. When the pilot boarded the Grcnnan 
Cosmos steamship Nyada, the captain reported that his vessel had been shaken as if 
she had struck on rocks. The pilot-boat Pathfinder was lying in the vicinity, in 20 
fathoms, and reported the same effect. 

The steam collier Wellington, inward bound, between Fort Point and Point Diablo, 
in 50 or 60 fathoms, reported that the vessel was struck as if she were upon rocks. (Per- 
sonal report of Captain Hayes, of the Board of Pilots.) 

The steamer AUiarux, off Cape Mendocino, reported by Mr. H. H. Buhne, of Eureka: 
The captain said she was struck a hard blow, as if she had run on a rock at full speed; 
time, 5** 11"'. Mr. Buhne states that all ships in the harbor at Eureka felt the quake, 
but in South Bay it was heaviest. One vessel was hurled against the wharf time and 
again; throwing down piles of lumber and shingles. 

The schooner John A. Campbell felt the shock at sea, off Point Reyes. The following 
is a memorandum of the event by Capt. C. J. S. Svenson : “ Ship’s local apparent time 
April 18, 1900, 5'' IST a. m. Lat. 38® 00' N. Long. 120® 06' W. ; 145 miles true west of 
Point Reyes. W’eatherfine; sky clear; wind fresh from north-northwest; sea moderate; 
ship’s course southeast; speed 7 miles per hour. The shock felt as if the vessel struck 
lightly forward and then appeared to drag over soft ground, and when aft a slight tremor 
was felt; the whole lasting only a few seconds.” The depth of water in the vicinity of 
the ship’s position is 2,400 fathoms. 

The steamship National City was approximately in lat. 38® 24' N. and long. 123® 57' 
W ; 29 geographical miles distant from the nearest point on shore and about 31 miles 
from the fault-trace along the valley of the Gualala River. The vessel felt the shock 
at 5'* 03“ A. M., April 18, 1906, ship’s time. James Denny, the chief engineer, supplies 
the following comment: “The ship seemed to jump out of the water; the en^nes raced 
fearfully, as though the shaft or wheel had gone; then came a violent trembling fore 
and aft and sideways, like running at full speed against a wall of ice. The expression 
‘a wall of ice’ is derived from my experiences in the Arctic.” In this vicinity the chart 
has several soundings, as follows: 911 fathoms over clay and mud at 11.5 miles on the 
line to Gualala Point; 1,586 fathoms over clay and ooze 8 miles north by compass; 
1,821 fathoms over clay and ooze 14 miles N. M® W. by compass. 

The wharfinger at Santa Cruz reports that he heard a rumble Ixiforc the shock, coming 
from the southeast, and saw the seismic wave traveling shoreward, causing a great rattling 
and crashing when it struck the town. Two distinct sets of vibration were felt, the latter 
Ixiing the harder. There was very little surf, the water looking like that in a tub when 
jarred. The wharf, extending southeast, seemed to pitch lengthwise. A steamer between 
Santa Cruz and Monterey, also one at Monterey wharf, felt the shock; it jarred them as 
if they had struck bottom. 

Shocke felt at sea subsequent to April 18, 1906. — The ship Alex Gibson, at 7'' 05" p.m. 
August 3, 1906, when in lat. 25® 35' N., long. 110® 06' W., experienced a tremendously 
heavy seaejuake, lasting about 40 seconds and shaking the ship from stem to stern as 
if she were bumping over a ledge of rocks. It shook tools out of the racks in the car- 
penter shop; threw pots and pans down in the galley, cups and pitchers from hooks in 
the pantry, and all lamp glasses off the lamps. The crew came running aft not knowing 
what was the matter, and the captain thought the yards were coming down. The sea 
at the time was perfectly smooth, the wind light from the southwest, no land in sight, 
and all sail set in fine, clear weatlicr. At 7" 10" p. m., ship’s time, another light shock 
was felt, of about 15 seconds duration; and from 8 to 12 midnight two more very light 
shocks were felt, but the time was not noted. The captain states that he had experienced 
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an earthquake at sea on a former occasion, but the one felt before was nothing coniparerl 
to this one, either in force or duration. (Hydrographic Bureau.) 

The bark St. James, Capt. F. 0. Parker, while in lat. 26® lO' N., long. 110® 25^ W., in 
the Gidf of California, on August 26, 1906, was shaken by a seaquake at 12'* IS" p. m. 
The shock lasted a minute, and the sensation was as if the vessel were striking upon 
sunken rocks. Upem arrival at Guaymas, the captain learned that no shock had been 
experienced at or about the time noted. (San Francisco Chronicle, Sept. 16, 1906.) 

The bark Agate, Capt. C. H. McLeod, wlule off the northwest coast in lat. 43® 10' N., 
long. 128® 50' W., 100 miles west of Coos Bay, experienced a heavy rfK)ck oit ’September 
2, 1906, at s'* 45* a. m. The shock lasted nearly 1 minute. The sensation was as if the 
vessel l»d struck a coral reef or rock. The wind was light, the weather iclear, and the 
sea smooth. At S'* 55"’ a. m., another shock was felt, not so severe nor so prolonged as 
the first. {San Francisco Chronicle, Oct. 2 and 9, 1906. Hydrographic Bureau.) 

The ship Robert Searles, Capt. J. H. Pilta, while in lat. 41® 78' N., long. 125® 52' W., 
85 miles northwest of Cape Mendocino, experienced a severe shock on September 14, 
1906, which occasioned a panic among the crew. The cargo (lumber) and upper works of 
the vessel were shaken. The shock lasted 25 seconds. (<San Francisco Chronicle, Sept. 17, 
1906. Hydrographic Bureau.) 

The American schooner Stanley, Capt. K. Petersen, while in the calm center of a 
cydone, in lat. 46® 09' N., long. 125® 22' W., 55 miles west of Cape Disappointment, on 
November 6, 1906, felt a sharp shock that lasted 2 or 3 seconds. Immediately after- 
wards, when looking toward the southwest, the captain saw 3 mountainous waves com- 
ing; when they struck, the ship began to pitch and roll violently, and he thought every 
minute she would be swamped. (Hydrographic Bureau.) 

The schooner Melrose, Capt. M. McCarron, while in lat. 37® 35' N., long. 123® 35' W., 
felt a seaquake on February 3, 1907. The first shock was at lO** 30'" a.m., lasting about 
8 seconds; and the second at 10" 50” a.m., lasting about 5 seconds. Neither shock 
was vblent, but each caused a decided trembling of the vessel. The motion- was from 
east to west. Tlic sky was overcast and the sea was smooth, with light westerly winds. 
The position of the vessel was 28 geographical miles S. 73® W. from the Southeast Faral- 
lon. The nearest sounding on the chart is 5 miles north of this position, where there 
is shown 1,726 fathoms of water. 



NUMREU OF MAXIMA IN THE MAIN SHOCK. 

In response to various circulars sent out by the Commission, and to direct inquiries 
by the members of the Commission or their mdes in the field, 154 replies have been re- 
ceived, which constitute testimony as to whether the main shock comprized one or more 
maxima. Many of these replies are rather questionable scientific evidence, inasmuch 
as many of them were in response to a leading and suggestive question, and very few 
of them have been subjected to the clarifying process of cross-examination. So few 
people were awake at the time the shock began that but a small proportion of the replies 
come from people who were in full possession of their observational faculties at the bepn- 
ning of the disturbance; and of those who were suddenly and rudely awakened, few were 
sufficiently alert for deliberate perception at the time and had to rely upon a somewhat 
confused memory for the character of the shock. Yet the testimony is of value, and 
indicates a very general consensus of the impression that there were 2 principal maxima 
in the shock; and the failure of many to recognize or remember 2 parts to the shock 
does not seriously invalidate the testimony of those who received that impresrion. 

Of the 154 replies received, 98 testify to 2 maxima; 46 to but one maximum; 9 to 
3 or more maxima; and 1 to more than one. Of the 98 who reported 2 maxima, 67 
discriminated between the 2 parts of the shock, as to their relative intensity; and of 
these 67, there were 48 who had the impression that the second maximum was the more 
severe, and 19 who thought it the less severe. Of the 46 who recognized only one maxi- 
mum, 32 were beyond the zone of destructive effects, where the intensity was VI or less 
(in a few cases VII) ; and of the remaining 14 cases within the zone of destructive effects, 
11 were offset or contradicted by other reporters in the same general district as them- 
selves, who record two maxima. It would thus appear that within the zone of destruc- 
tive effects, say out to isoseismal VII, the evidence, such as it is, points unmistakably 
to the occurrence of 2 maxima; and the prevailing opinion is that the second was 
the stronger. The fmlui'e on the part of many reporters to discriminate 2 parts of the 
shock beyond the isoseismal VII is not surprising, and is offset by the considerable num- 
ber of reports in which 2 maxima were noticed. 


List of obterpatione as to the number of maxima in the earthquake ehoek. 


Locality. 

Reporter. 

No. of 
Maxima. 

Remarks. 

Nolton 

Clara Ward 

2 

S€*cond stronger. 

Cn*scc*nt City 

G. Sartwell 

2 

Interval about 2 seconds. 

Montague* 

C. H. Chambers 

1 

Duration 30 seconds. 

Upton 

G. R. Dixon 

1 


Big Bar 

W. A. Pattison . . . 

2 

A tremor which eased up, then another stronger. 

Papoose 

C. B. Lakemore... 

1 


Eun'ka 

A. H. Bell 

1 

Maximum intensity toward end ; duration 47 s. 

Fortuna 

D. L. Thurnborry. 

2 

One greater than the other. 

Pt'pperwood 

J. F. Helms 

2 

Second stronger. 

Bnccland 

J. W. Bowden 

2 

Second stronger. 

Fort Hrugg 

K. lluggiiiH 

2 

(kmtinuous shock, 40 s., ending withh eavy one. 

Cilon Blair 

A. P. S<!ott 

T 


Albion 

J. Coyle 

1 


Philo 

J. 1j. Prather 

2 

About the same intensity. 

Fish Rock 

J. F. McH 

2 

Second stronger. 

Annapolis 

G. W. Fiscus 

2 

First in wave motion ; second rotatory. 

Fort Ross 

G. W. Call 

Several 

Increased in force up to tliird or fourth. 

Oazadero 

E. 11. L. Cowley . . 

2 

S€»cond stronger. 

Hemlock 

C. D. L. Bowen... 

2 

Sc*cond stronger. 

Clovcirdale 

M. C. Bale 

Several 

Oscillatory, ending with series of shocks. 

Lakeport 

J. Overholser 

1 


Sanhedrin 

V. L. Frasier 

1 


Oathill 

J. J. Hulter 

2 

Second stronger. 

St. Helena 

F. Blachowski 

2 

Second stronger. 

Veteran's Home . . 

A. Brown 

1 


Wooden Valley . . . 

H. W. Chapman . . 

2 

First stronger. 

Cotati 

C. L. Jeffrey 

1 



874 




NUMBER OF MAXIMA IN THE MAIN SHOCK. 


375 


List of observatioru as to the number of maxima in the earthquake shock — Continued. 


No. of 
Maxima. 


liemarka. 


XamalpaiH 
San Rafael 


San Mateo 


Mountain View 
Woodside 


San Jose. 


J. J. Lindunger. 
W. W. Thomas . 
L. Heubold 

E. Landon 

A. Scott 

Cl. L. Richardson 

F. M. Watson .. 
J. D. Bennett . . 

B. A. Peckham . 

R. Anderson.... 

A. M. Free 

H. O. Beaty .... 


J. 0. Hartsell . . 
M. Connell 


Santa Clara 
Campbell . . 
Los Catos . 


J. S. Ricard . . . . 
F. M. Righter .. 
F. H. McCullogh 
I. H. Snyder . . . 

W. S. T. Smith . 

T. Wichtman... 


Hollister 

J. N. Thompson .. 

Tres Pinos 

G. A. Waring 

Paicenes 

do 

(4 miles SW.) .. 


Bear Valley 

do 

Bitterwater 

C. Z. Smith 

Hernandez 

E. M. Tucker 

Mt. Hamilton 

H. K. Palmer 

do 

A. M. Hobc 

do 

W. W. Campbell.. 

CalavcTas Vallc*y . . 

R. Ingleson 

Livermore 

E. G. Still 

Danville 

A. E. Clark 

Mt. Eden 

W. dally 

Mills College 

J. Ketm 

Berkeley 

A. C. Lawson 

Bolinas 

J. d. Peder 

Farallones 

J. A. Hoyle 

Santa Cruz Range 

M. Doyle 

Bellvalc 

Lilia K. Bell 

Santa Cruz 

d. A. Waring 

do 

O. J. Lincoln 

Dclmaa ) 


Scabright > 

G. A. Waring 

Twin Lakes i 


Bonnie Doon 

T. R. Thay<>r 

Soquel 

Matilda Baker 

Ben Lomond 

1). R. duichard... 

Watsonville 

E. McCabe 

Castro ville 

d. A. Waring 

Prunedale 

H. H. McIntyre .. 

Salinas 

Bertha M. Abbott 

Monterey 

N. W. James 

Chualar 

G. P. Anderson ... 

Lonoak 

J. Rist 

Shandon 

C. J. Shaw 


Increase in severity in latter half. 

If any difference, first stronger. 

First light and long, second hard and short. 

First light, second heuviiT. 

First heavier. 

First lightervand longer than second. 

First heavier. 

First and second -wvrv. heavy wavy motions; 

third wtis short rapid trembling. 

Two main thrusts or sets of movements. 

Second stronger. 

Personally observed but 1 ; others observed 2 or 
3 and there is a general agreement that second 
was stronger. 

Second more intense. 

Came suddenly, explosion-like, then a violent 
swaying. 

Two shocks, then finally a twist and an uplift. 
Si'cond stronger. 

Wife noticed a preliminary shaking. 

Partial intermission of 1 or 2 s. Second much 
stronger. 

Interval was not sufficient to allow moving ob- 
jects to come to rest. 

Second stronger. 

Followed by tremors. 

About equal. 

Second stronger. 

First stronger. 

Almost continuous; second did most damage. 


Noted by several people. 

Second stronger. 

First part gentle, second more severe. 

First hard(?r; memory uncertain. 

Jar, then pause, then tremble. 

First harder. 

2 separate shocks. 

Second stronger. 

Fir§t sideways, second upward. 

First prolonged, with secondary maxima; second 
brought down chimiiiys and ended rather 
abruptly. 

Second stronger. 

First stronger. 

Tremor, then distinct shock; then violent shock, 
tlnm tremor. 

CVmtinuous shake with 2 heavy parts. 

Si'cond stronger. 

Shock eanie suddenly, dimiidshed, then at a 
scH'ond jolt the chimneys fell. 

Second stronger. 

First stronger. 

Second stronger. 

Felt as 1 continuous vibration. 

Second 8trong(T. 

Second strong^'r. 

First stronger. 

Continuous shock, light at first; finishing with a 
hard stroke and twist. 
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lAvl of observations as to the nuniber of maxima in the essrlhguake tkoefe — Cktntinued. 


Locality. 

Reporter. 

No. of 
Maxima. 

Remarks. 

San Luis Obispo. . . 

S. D. Ballou 

1 


do 

J. R. Williams.... 

1 

50 seconds long. 

do 

M. R. Venable 

2 

Slight tremor; then a second more severe; then 
a distinct oscillation, quite hard ; then a tremor. 

Santa Maria 

F. R. Schanck 

3 

First and second, 1 or 2 s.; third, 12 to 15 s. 

Pismo 

Emma M. Patchett 

2 

Second stronger. 

Lompoc 

A. McLean 

1 

One long shock. 

do 

C. K. Studley 

2 

First gradually increased to maximum and 
gradually decreased. Second died suddenly. 

Santa Barbara.... 

J. A. Dodge 

1 

About a minute long. 

do 

S. F. Hunt 

3 

Second strongest. 

Los Angeles 

W. D. Fuller 

1 

Compton 

L. A. Rockwell . . . 

2 

First stronger. 

Azusa 

A. P. Griffith 

1 

As if house had been struck by heavy blow. 

Toluca 

W. C. Meddington 

2 

Redding 

L. F. Bassett 

1 


Colusa 

F. Roche 

More 
than 1 

Shock would die out, only to return again. 

Meridian 

T. J. Taylor 

2 

Second stronger. 

Marysville 

R. F. Watson 

2 

First lasted about 45 s. ; the second about 00. 

Rumscy 

J. M. Morrin 

2 

Second stronger. 

Guinda 

J. Jacobsen 

1 

Continuous shake. 

Capay 

S. Schwalo 

1 

Continuous shake. 

Woodland 

I. A. Morris 

2 

First stronger. 

Plainfield 

H. O. Purington . . 

2 

First stronger. 

Black's Station . . . 

S. P. Cutler 

2 

First strongcir. 

Knight's Landing . 

L. T. Shamp 

2 

First stronger. 

Sacramento 

J. A. Marshal 

2 

Oscillation ended in 2 jars, with appreciable time 
between. 

Fairoaks 

L. M. Shelton .... 

1 

One straight shake, very light. 

Main Prairie 

Mrs. A. Rattike... 

1 

Binghamton 

W. H. Smith 

2 

Second stronger. 

Collinsville 

J. Antonini 

4 

Second stronger. 

lone 

J. F. Scott 

2 

Second stronger. 

Stockton 

E. P. Higby 

2 

Of equal strength; interval of a few seconds. 

Oakdale 

E. C. Crawford ... 

3 

Second stronger. 

Turlock 

J. L. Brown 

1 

Westley 

W. G. Carey 

2 

Second stronger. 

Merced 

F. J. Reidy 

2 

Second stronger. 

Madera 

F. E. Smith 

2 

30 s. and 60 s, ; second stronger. 

Fresno 

J. P. Bolton 

2 

First stronger. 

Jameson 

W. J. Williams . . . 

2 

Kingsbury 

A. B. Loomis 

1 


Riverdale 

W. Lenson 

2 

Second stronger. 

Visalia 

A, M. Doty 

4 

Last most pronounced. 

Ex ter 

H. R. Stephens . . . 

2 

Nearly equal in intensity. 

10 Boconds. 

Bakersfield 

A. 0. Grant 

1 

McArthur 

J. McArthur 

2 

First stronger. 

Susan villc 

J. Branham 

1 

Probably 2 s. 

Quincy 

Kittle 

L. A. Barrett 

1 

F. Campbell 

1 


Beckwith 

J. W. Middleton . . 

2 

Not sure; there wan a waveliloe saotion, with a 
sudden jar at the end. 

Boca 

A. E. Daswell 

1 

60s. 

Stirling City 

H. B. Weaver .... 

1 


Paradise 

F. W. Day 

2 

Second stronger. 

Allegheny 

W. A. Clayton 

2 

Pino Grande 

W. E. Basham.,.. 

J 


Nashville 

J. C. Heald 

J 


West Point 

J. A. Wilson 

1 


Railroad Flat 

E. Taylor 

1 


Milton 

J. H. South wick .. 

2 

Second stronger.. 

Tuolumne 

J. T. Thompson . . 

2 

do 

J. E. Coover 

1 


LaGrange 

J. A. Hammond .. 

2 

Second stronger. 

2 prolonged %ht alioek& 

Sequoia 

M. Crocker 

2 

Darrah 

R. Darrah 

2 

Second stronger. 

Fresno Flats 

Postmaster 

1 

Gold 

T. J. Rhodes 

2 

Both about the same; quite heavy. 

Magnet 

? 

1 

Mono Lake 

E. A. Benedict ... 

2 

First stronger. 

Laws 

G. D. Louderback 

2 

First gentlo rodUng; ueesod smatt Jeriai. 

Lone Pine 

do 

2 

A few BOBonds a|Murt. 

do 

G. F. Marsh 

2 

First steonger. 






SOUNDS CONNECTKD WITH THE EAHTIIQDAKE. 

An interesting manifestation of the earthquake was the sound which was heard by 
many people in connection with the shock. Appended is a tabulated statement of the 
testimony bearing upon this phenomenon, if it may be so called. In this tabulation 
there are recorded 81 observations of people who hoard sounds, without segregating 
those which are reported in a summary way as the common experience of “some,” 
“ several,” or “ many” persons. Of these, 40 report having heard sounds before having 
felt the shock; 14 report the sound as accompanying the shock or coincident with it; 
3 heard a sound after the shock; and 19 report having heard unusual sounds at the 
time of the earthquake, without further specification. Besides this, there are 3 reports 
of sounds having preceded after-shocks, one case where the sound was observed to pre- 
cede the second phase of the shock but not the fiist, and one case where sound was heard 
but no shock was felt. The observations are fairly well distributetl over the region 
affected by the shock. Besides these observations of a positive kind, there were many 
cases reported where no sound was heard, altho the people were awake. 

In view of the 40 positive and independent observations of sounds having preceded 
the shock, with, in some instances, specific evidence of actions induced by the sound 
having been engagesd in during the interval between first hearing the sound and feeling 
the shock, there can be little question that sound vibrations of the air actually preceded 
the sensible shock. The testimony of the 14 persons who heard the sound during the 
shock docs not contravene that of the 40 who heard it before, nor does that of the 19 
persons who do not particularly specify the time relation of the sound to the shock. 
Sounds heard txjforc the shock may well have conthuuxl thru the shock and come to the 
attention of less alert people only when the shock was felt. The three observations of 
sounds preceding the after-shocks are corroborative of the 40 referring to the main shock. 
The one case near Alturas, where men in camp heard a sound but felt no shock, is an 
interesting and exceptional, but credible, one. 

The evidence as to the character of the sovinds is consistent and uniform. They 
were vibrations low in the scale. This fact suggests an explanation of the failure of 
certain people to hear the sounds when others in the same vicinity observ'cd them. It 
may be that the vibrations in question arc below the range; of auelibility of some people 
anel within that of others. With this (question in mind, an inquiry was aeldrest to Prof. 
G. Ilf. Stratton of Jolms Hopkins University, in regard to the limit of sounel. His reply 
was as follows: 

The lowest limit of sound is so eliffercntly gi«ron by different investigators that it seems 
clear that indivielual differences play an important part. The limit is placed all the way 
from 8 to 30 double vibrations a second, and Unit may represent the range of personal 
variation; but more probably it varies between 16 and 30; and those who think they 
hear os low as 8 are in reality hearing the second partial of that tone, viz., 16 d.v. This, 
of course, applies only to the perception of tone; for of repeated shocks at a very low rate 
we can still hear the separate shocks, e.g., puffs or blows, but they do not as yet fuse into 
a continuous tone.* 

Now if it should be a fact that the rumbling sounds which preceded the shock fall 
within the range of from 16 to 30 double vibrations per second, then from the probability 
set forth by Professor Stratton, the auditory organs of some people would be sensitive 
to such vibrations, while those of others would not. 

^ Professor Stratton refers to a chapter on ‘‘Tiefe und Tiefste Tone,” in IIolmhoHz's Lehre von der 
Tonempfindungeni where the difficulties of accurate determination and the different things that appear 
in such tones arc well set forth. 
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Another interesting question to which the testimony gives rise is : How do such vibra- 
tions reach any locality in advance of the shock 7 The seismic waves traverse the earth’s 
crust very much more swiftly than sound-waves do the air, so that it is a ph3r8ical impos- 
sibUity for sound-waves generated in the air above the seat of disturbance to outreach 
them. The vibrations observed as sounds must, therefore, be transmitted to the at- 
mosphere by tremors of the ground which precede the larger waves, and which are not 
otherwise perceptible to the senses ordini^y. These doubtless correspond to those 
phases of seismic movements which are recorded by delicate instruments and are known 
as “preliminary tremors.” 


Noises heard at the Hme of the shock. 


Locality. 

Reporter. 

Obeerver. 

Kind, direction, time of noiee, etc. 

Femdale 

A. W. Blackburn 

Same 

Accompanying the quake was a rumbling, 

Govelo 

E. S. Larsen .... 

Large proportion 
of readents.... 

roaring sound. 

Roar just preceding earthquake shock. 

Fort Bragg 

0. F. Barth 

A man 

The wave traveled SW. and a roar ao- 

Mendocino 

Wm. Mullen 

Same 

companied it. 

Unusual rumbling sound like distant thun- 

Albion 

J. Goyle 

Same 

der, preceding shake, being loudest at 
commencement of disturbance. 

Roaring noise like heavy fall of hail com- 

Point Arena 

W. W. Fairbanks 

Not named 

ing from ocean to the west. 

Heavy roaring sound preceded the shock. 

Point Arena Light- 
house 

Upper Lake 



do 

G. M. Hammond 

do 

Keeper 

Wo*‘kinen- r - T . . . . 

Blow came quick and heavy, accompa- 
nied by heavy report. 

A roaring noise past off to SW. 

A noise in the ti’ees as tho heavy wind 
were blowing thru them; then the 
rumbling past off to SW. 

Rumblings before the shock. 

Qoverdale 

M. G. Bale 

Many persons.. •• 

Healdsburg 

H. R. Ball 

Same 

Attended by great rumbling noise, os 

Santa Rosa 

Miss F. Locke. . . 

R. Worthington.. 

thunder. 

Heard roaring. 

do 

do 

Mr. Gampb^.... 

Heard a great roaring 2 s. or 3 s. before 

do 

do 

Watchman 

the shock. 

Heard noise in SW. ; then felt breeze; then 

do 

do 

Mrs. Lloyd 

felt shock. 

Heard noise; ran to window and opened 

do 

do 

A man 

it; then shock came. 

Heard roaring and saw wave of earth 2 

Cotati 

G. L. Jeffrey 

Same 

feet high. 

Sound as of a strong wind before shock. 

Tomales 

do 

A boy 

Heard roaring and said, *'Oh, there’s 

do 

do 

A farmer 

thunder,” before the shock. 

Heard roar from SW. 

do 

do 

Mr. (ioudy 

Ilc^ard a great roaring sound from SE. 

Point Reyes Sta- 

do 

A farmer 

Heard roar, then felt wind on iny face. 

tion 

Olcma 

do 

A dairyman 

Heard noise in the ground, got up, then 

Bolinas 

K. Easton 

Same 

felt shock. 

Rumbling noise preceded one after-shock 

Galistoga 

Dan Patten 

Same 

on April 18. 

A rushing noise before shock came. 

Napa 

T. Hull 

Not namc^ 

A rumbling, then came shock. 

Alturas 

C. B. Towle 

Some men in camp 

Heard low sound of earthquake, but did 

Redding 

L. F. Basset 

Same 

not feel shock. 

Noise resembled a passing train; it pre- 

Ghico 

E. Mayhew 

Same j 

ceded and outlasted th(} shock. 

Rumbling sound thruout the disturbance 

Willows 

A. W. Sehorn . . . 

Same 

like heavy-laden wagon passing house. 
Unusual rumbling sound preceded shock, 

Golusa 

Fred Roche 

Same 

gradually grew louder, and died away 
with the shaking. 

Sound like an approaching train coincided 

Berkeley 

Miss F. Locke. . . 

Capt. Fire Dept... 

with shock. 

Was awakened by roar 5 s. before shock. 

San Francisco... 

M. G. Erskine... 

Same 

Awake at 6** 10"* a.m. Heard a great 




roaring from NE. ; soon the shock came 
from same direction. 
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Noises heard at the time of the shock. — Continued. 

Locality. 

Reporter. 

Observer. 

Kind, direction, time of noiie, etc. 

San Francisco . . . 

T. J. J. See 

Lieut. Bertholf and 
other officers . . . 

A low rumbling preceded earthquake. 

Peninsula of San 
Francisco 

R. Anderson .... 

Many persons 

Noise accompanying the shock; inde- 
scribable noise associated with main 
shock; immediately after the shock. 

San Mateo 

B. A. Peckham.. 

Mr. Maxwell 

Heavy rumbling which he took for thun- 
der, from NW., before shock. 

San Jose 

Mr. Connell 

Same 

An undertone, rumbling sound coincided 
with beginning of shock. 

do 

W. S. Prosser . . . 

Several good ob- 
servers outdoors 

The noise of the quake came from SE. 
and died away toward San Francisco. 

Santa Clara 

I. H. Snyder 

D. Pickering 

Sound compared to stampede of cattle. 

(3 mi. west) 



Congress Springs 

J. C. Branner.... 

Residents 

Shock accompanied by rumbling; after- 
shocks preceded by sound like a blast. 

Los Gatos 

I. II. Snyder.... 

Mr. Land 

Premonitory roar came from south. 

do 

W. S. T. Smith.. 

Same 

No sound heard for main shock, but 
muffled sound heard just before each 
minor shock. 

do 

F. H. McCullogh 

Same 

Sound as of bad storm coincident with 
first and worst of shock. Later in 
the day there was a rumbling sound to 
mo (deaf) not unlike a distant detona- 
tion. 

Wright, 4 miles 
south of 

L. E. Davidson.. 

Same 

Attention first drawn to a slight rum- 
bling noise. 

Glenwood 

Miss F. Locke. . . 

Diffcirent persons 

After every shock on April 18 was a rumble 
like that of artillery. 

Scott Valley (San- 

do 

Mrs. Field 

Tremendous roaring in NE. 

ta Cruz County) 



Santa Cruz 

G. A. Waring 

Wharfinger 

Rumble before shock. 

Santa Cruz Light- 
house 

do 

Keeper 

Noise as of a wagon crossing a bridge pre- 
cedc<i every quake. 

Wilder’s Dairy 

do 

Not named 

Shock preceded by rumbling from south. 

N. W. of Santa 
Cruz 



Swanton 

do 

do 

Distinct noise as of team crossing a 
bridge to NW. preceded every shock. 

Ano Nuevo Light- 

limiao 

do 

Keeper 

Distinct rumbling preceded shock. 

Pescadero 

do 

Some iK'ople 

Noise as of wind precedc^d the shock. 

Castro ville ! 

do 

Not nam<^ 

Shock described as beginning like a sub- 
terranean blast. 

Salinas 

Bertha M. Abbott 

Same 

Kuinbling noise coincided with shock. 

San Lucas 

G. A. Waring 

Not named 

Sound reporU*d to have been heard. 

Fort Romie 

do 

Not named 

Noiw* h(*ard after shock. 

San Luis Obispo, 

do 

do 

Gn»at roar heard. 

1 mile east of. . 




New Almaden (lla> 
cienda) 

do 

Not named 

Loud noise like thunder traveled north- 
ward, distinctly preceding shock. 

Coyote 

do 

A man 

Noise from SE. seemiKi to pass over him. 

San Martin 

do 

A man 

Heard roar, horse became frightened 
before shock came. 

Gilroy to Hollister 

do 

Various persons.. 

Rumble heard all thru region from Old 
Gilroy and San Filipc to Hollister. One 
said from SE., another from SW. 
Distinct rumble preceded shock at Palm- 
tag’s winery. 

Tres Pinos 

do 

Not named 

Bell’s Station.. . . 

G. F. ZotTiiian... 

do 

Rumble distinctly heard before the shock. 

Paicenes 

G. A. Waring.... 

do 

Distinct noise preceded shock at Cienega 
Lime Kilns. 

Hernandez 

do 

do 

No noise before quake, but report as of 
blast immediately precede second 
(hardest) period of vibration. 

Mt. Hamilton . . . 

K. Burns 

Same 1 

i 

Sound as of flight of birds simultaneous 
with shock. 

Calaveras Valley 

G. F. Zoffman... 

R. Ingleson 

The two separate shocks accompanied by 
roaring sound from north. 

Modesto 

E. Hughes 

Several persons . . 

Roaring or rumbling sound beginning a 
few seconds before and continuing until 
end of disturbance. 

do 

do 

Green Bros 

Roaring sound just before shock. 

do 

do 

Mr. Elsey 

Rumbling sound. 
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Noiaea heard at the Hme of Ike aAoefc — Oontimied. 


Looality. 

Reporter. 

Observer. 

Kind, direotion, time of noise, eto. 

Modesto 

£. Hughes . . 

A. H. Holtman . . 

Shock preceded by roaring sound. 

do 

do 

H. Hintze 

Humbling sound. 

Stockton 

do 

Some persons out 
of doors 

Dull rumbling sound ju&t preceding shock; 
some think it emanated from buildings. 

Westley 

W. G. Carey 

Men sleeping on 
scow on river. . 

Heard terrible rumbling 30 s. before shock; 
came out of scow to see what it was, then 
shock came. 

Conejo 

£. Picket.... 

Same 

Awakened by noise like locomotive coming at 
full speed. 

Santa Barbara 

J. A. Dodge. 

Neighbors 

Rumbling Just before shock. 

Slight rumbling sound like wind blowing. 

Lone Pine, Ne- 
vada 

Ballarat, In 3 'o 
County 

G. F. Marsh. 

Same 

D. C. Pickett 

Same 

L 

Awake and up. First indication of earthquake 
was low, distant, and increasing roar. 


VISIBLE UNDULATIONS OP THE GKOUND. 

The earth-waves generated at the fault past thru the earth’s crust with a velocity of 
probably from 2 to 3 kilometci'S per second. The undulations of the surface due to the 
passage of such waves would be so swift that they would scarcely be observed visually. 
Yet there is considerable testimony, of a consistent and independent character, that 
much slower undulations were observed. This testimony comes from various parts 
of the region disturbed, and a great deal of it is positive and unequivocal as to what 
seemed to be the fact. The evidence indicates that there is a type of wave in the ground, 
in the region of high intensity, which has not yet been suihcicntly recognized, and the 
ori^n of which is obscure. Some 20 or more observations bearing upon this class of 
phenomena are here summarily recorded : 

Judging from the descriptions given, these waves behaved like undulations in water, 
with an oscillation apprommately normal to the surface. They were for the most part 
obsei’ved on alluvial tracts, but some of the reports come from districts where there is 
but a thin veneer of alluvium or soil upon the rocks. If it should prove, on the basis 
of more abundant evidence, that these waves are peculiar to alluviated basins, they 
may be explained as reflections from the rocky slopes of such basins. If a bowl of liquid 
be tapt smartly, vibrations arc inaugurated in tlie rigid bowl which have a speed so 
great that the secondary waves generated in the li(iuid pass out from all parts of the 
walls of the vessel sensibly at the same instant. But the secondary w’aves thus gener- 
ated in the liquid have so slow a rate of propagation that they arc quite apparent to 
the eye, and in the central part of the surface of the liquid, when the waves meet, there 
is a violent commotion. If, mstead of a bowl of liquid, we have a rock basin filh'd with 
watcr-satmated alluvium, it seems probable that a similar effect would be produced 
in a modified degree ; and the visible waves at the surface may have had such an origin. 
But whatever be their origin, it is apparent that they must be a large factor in damaging 
structures situated upon the gi'ound in which they occur, and so raising the apparent 
intensity on any scale based on destructive effects. 

Freshwater, Humboldt County (S. E. Shinn). — My orchard raised up between 2 and 
3 feet like a big breaker coining in. 

Femdale, Humboldt County (A. W. Blackburn). — Those who claim to have been out 
of doors when the shock came, state that the earth rose and fell like the waves of the sea. 

Fort Bragg, Mendocino County (0. F. Barth). — A man walking along the street was 
thrown down. He is positive the wave traveled southwest. The ground undulations 
were 2 and 3 feet high. 

Point Arena, Mendocino County (W. W. Fairbanks). — The ground moved in undu- 
latmg swells or waves, rising and falling. 
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Santa Rosa, Sonoma County (Mss Locke). — A mac saw an earth-wave 2 feet high. 

Cotati, Sonoma County (G. L. Jeffrey). — The surface of the earth waved like water. 

Napa, Napa County (T. Hull). — Those who were out of doors say the trees bent as 
the shock came like a wave of the ocean. 

Pleasanton, Alameda County (Miss F. Locke). — A lady near Pleasanton saw the earth 
go in waves like the ocean. 

San Francisco (Miss F. Locke). — A fireman at the engine house 1757 Waller Street 
said the ground went in waves. 

San Mateo, San Mateo County (Mr. Maxwell). — The earth rose and fell like the swell 
of the sea, the swells being about 3 feet liigh. 

Saratoga, Santa Clara County (Louise M. Atkinson). — Distinct waves past over the 
ground from northwest to southeast, the orchard trees rising and falling on each wave, 
like ships at sea, while the electric poles sdong the road leaned this way and that, some 
seeming almost to touch the ground. 

Santa Clara, Santa Clara County (I. H. Snyder). — Mr. Dan Pickering, living a mile 
south of Santa Clara, says that the ground rase and fell in waves about a foot high. 
Others say that the orchids seemed to be agitated by a wave-like motion. 

San Jose, Santa Clara County (W. S. Pros.ser). — Many pei'sons saw waves in the 
ground. Sifting out exaggerations, these appeared to be rather more than a foot in 
height. The best observer estimate the distance from crest to crest at 60 feet ; others 
much less, but they must have been greater, for there is no evidence which shows any 
such vertical cracks as wouki have been produced by short waves. A good observer 6 
miles southwest of San Jose described the waves as parallel with certain tree rows which 
arc northeast and southwest; and the waves moved from him at right angles to the line 
toward San Francisco. Another person, 6 miles northwest from San Jose and looking 
south, saw the waves (which he thinks were east and west) coming toward him, and 
hence toward San Francisco; but about the middle of the quake these were met by 
other waves and the whole surface resembled hillocks or cross seas, and the tree-tops 
waved wildly. To the man to the southwest of San Jose, however, the tops of the trees 
were almost still, while the trunks waved sinuously. 

Meridian, Santa Clara County (G. A. Waring). — A lady reports seeing waves travel- 
ing southward along the driveway, and a man reports seeing a heavy wagon move back 
and forth several times, 4 or 5 feet along the driveway. 

Campbdl, Santa Clara County (F. M. Rightcr). — People out of doors at the time state 
that there was a very rapid wave-dike motion of the surface of the earth. 

Wright, Santa Clara County (Flora E. Beecher). — Mr. Deacon, our neighbor, rose 
and stood by the window, and he declares that the ground rose in waves. 

Coyote, Santa Clara County (G. A. Waring). — Near Coyote a man reports having 
seen a northwest-southeast fence move in a wavc-like motion, beginning at southern end. 

Paicenes, San Benito County (G. A. Waring). — Toward the Cienoga Lime Kilns, 4 
miles south of Paicenes, a man reports seeing a wave coming westward thru a grain field. 

San Lucas, Monterey County (G. A. Waring). — West of San Lucas the waves were 
reported to have been seen moving southward over the hills. 

San Luis Ranch, near Pacheco Pass (G. F. ZolTman). — Mr. Mills stated that the sur- 
face of the ground moved up and down like the waves of the ocean. 

Mendota, Fresno County (G. F. ZofTman). — The people who observed the plains at 
Mendota said that they assumed a wavc-like appearance, and that the trains rose and 
fell as the undulations past beneath the tracks. They also stated that this wavc-like 
appearance was confined to the north and south movement, the cast and west motion 
being more in the nature of a tremor. 

Visalia, Tudane County (F. A. Swanger). — The movement of swell and fall of wave 
seemed strong. 



PATHOGENIC EFFECTS OF THE EARTHQUAKE. 

A curious and fortunately trivial effect of the earthquake was the production of nausea. 
This was observed especially in the region of slower motion of the earth, beyond the 
zone of destructive effects, but one or two cases being reported from the re^on of 
high intensity. The sickness produced was in most cases apparently similar to sea> 
sickness, and ascribable to the swaying of the ground. In the few cases which occurred 
in the region of quick motion, the nausea was more probably due to nervous shock. 
Brief mention is here made of the cases reported, tho tWe were probably many others. 

At Ruby, in Siskiyou County (R. E. Madden), intensity Ill-II, persons were slightly 
nauseated or render^ dizzy, but the feeling past instantly. At Upton, Siskiyou County 
(B. R. Dixon), mtensity IV-III, people felt seasick. Mr. J. H. Roberts, of Yuba City, 
intensity VI-V, reports that 5 persons on his place were mode quite sick. In Marys- 
ville (R. F. Watson) the shock caused a dizzy feeling. At Stockton (B. Hughes), in- 
tensity VI, a considerable number of people suffered from nausea and dizziness, with 
headache, for a time after the shock. With some these disagreeable symptoms per- 
risted all the following day. At Modesto (B. Hughes), intensity VI, a number of 
people were affected by symptoms somewhat like those of seasickness for several hours 
after the shock. San Francisco (Miss F. Locke). Mrs. E. was nauseated by the earth- 
quake and felt pains in her heart. Several people were nauseated by the motion of 
the ground at Fescadero, San Mateo County, intensity VIII-VII. (G. A. Waring.) 

In Bear Valley, San ^nito County (G. A. Waring), intensity VI-V, a man out-of- 
doors became dizzy and nauseated, but did not at the time realize the cause. Thru 
the south end of the valley several people became dizzy. Between Mendota and Coa- 
lings (G. F. Zoffman), intensity VII-VI, many persons suffered from a nauseating sen- 
sation. At Conejo, PVesno County (E. Pickett), intensity VI, the earthquake made 
some people sick at the stomach. At Santa Barbara (J. A. Dodge), intensity III, a 
woman who was out-of-doors at the time of the shock was made slightly dizzy. In 
Gardnerville, Nevada (J. A. Reid), intensity IV, a number of people complained of 
a feeling of nausea while eating breakfast at the time of the earthquake, but they felt 
no motion. At Yerington, Nevada (G. D. Louderback), intensity IV-III, one person 
experienced a dizzy sensation. At Lone Pine, Nevada (M. S. Dearborn), intensity IV, 
a good many people when they first felt the shock thought that they were simply dizzy. 


EFFECT OF THE EARTHQUAKE ON ANIMATE. 

Miss Ilnette Locke, of Santa Cruz, has interested herself in an inquiry into the be- 
havior of animals at the time of the earthquake, and has prepared lengthy notes reciting 
incidents which were reported to her as the effect of the main shock and the after- 
shocks upon animals in various parts of the Coast Ranges extending from Santa Rosa 
to Santa Cruz. Her notes, which refer chiefly to domesticated animals, form the basis 
for the following summary statement: 

Horses. — Horses whinnied or snorted before the shock and stampeded when the latter 
was felt, some falling owing to the commotion of the ground. Horses in harness became 
frightened and ran away, while others stopt and screamed. Some horses with riders 
in the saddle stumbled and fell; others stood and shivered. A mule near Santa Rosa 
refused to eat all day. A farmer in the same neighborhood observed his horses moving 
about, whinnying and snorting, and called to his boy, who was with them, inquiring 
what was the matter, but before the boy could answer he felt the shock. In a stable 
of 30 horses on Alabama Street, San Francisco, all reared, snorted and jumped before 
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the stable-man, who had just fed them, knew the eause of the trouble. Of the 30, all 
but 5 broke their halters and came toward the stable-man, who had to keep them off 
with a pitchfork. Several horses at the various engine houses of the San Francisco 
Fire Department became frightened and broke away from their stalls. In stables 
generally horses broke away from their stalls, and some falling to break loose lay down. 

Cattle. — Cattle on the hills came down to lower levels, and in some localities did not 
return to the hills for some days after the shock. Cows in corrals near the fault-line were 
in many localities thrown to the ground; others Btami>edcd and ran about wildly. At 
Olema cows in the milking corral were thrown to the ground and rolled over, and as 
soon as they could stand they stampeded. The stampeding of cows from the milking 
corral was reported at many ranches. Several instances were reported where cows 
stampeded before the shuck was felt by the observer. In other cases cows about to be 
milked arc said to have been restless before the shock and to have lain down as soon as 
the shock was felt, some giving less milk than usual. Two cows near Duncan’s Mills 
are said to have died as a result of the shock. Several cows dropt calves prematurely. 
Lowing and bellowing of the cattle at the time of the shock was very commonly reported, 
and in some cases tlus is said to have occurred a little before the shock. 

Cola. — Various reports regarding the behavior of cats at the time of the earthquake 
and the after-shocks indicate that they became alarmed. Some rashed about wildly, 
with big tails and bristling backs; some hid in dark corners and otherwise behaved 
abnormally; some disappeared for several days after the shock. In the after-shocks, 
cats seemed to perceive the tremor before people did, and crouched in fright or ran. 
At Olema 7 cats were not seen for 2 days after the shock, and in Alameda some cats 
disappeared for 3 dajrs. Some carried off their kittens. 

Dogs. — Dogs generally became alert before the after-shocks, and barked, whined, 
or ran to cover. After the shock some ran away and did not return for a day or sever^ 
days. Some barked at the time of the shock and ran about with their tails between 
their legs. Many sought the protection of houses and stayed close to people after the 
shock. One dog near Santa Rosa ran about the house for 10 seconds tefore the shock 
was felt, and then jumped out of an open window down one story to the ground. Some 
dogs were in an excited condition, running about vaguely for some time after the shock; 
and this was repeated at the after-shocks. Others ran straight away at full speed. 
Some bitches brought their puppies to what apparently seemed to them safer quarters. 
Some took to their beds for several days after the shock and others refused to cat. The 
most common report regarding the behavior of dogs was their howling during the night 
preceding the carthqiiake. 

Chickens . — Chickens generally ran for shelter to their houses, with their wings out- 
stretched, squawking. 

Wild animals in confinement. — The wild animals in confinement at the Chutes, San 
Francisco, crouched and remained quiet during the shock, but roared after it was over, 
led by the elephant. The elephant also roared at the times of the after-shocks. 



MINOR GEOLOGICAL EFEECTS OF THE EARTHQUAKE. 


LABDSUDXS. 

There are three types of landslides known in the Coast Ranges. For convenience 
in reference they may be designated as carth-avalanchos, earth-slumps, and earth- 
flows. The first and last of these are of somewhat exceptional occurrence, but the 
second is exceedingly common. These landslides are of geological importance as an 
agency concerned in the evolution of the geomorphy of the Coast Ranges of California 
to an extent equaled in few other redone; and it becomes a matter of interest to appre- 
ciate the rdle played by earthquakes in promoting the efficiency of this agency. The 
activity of all three kinds of landslides is related directly or indirectly to the earthquake 
of April 18, 1906. ’ In order to appreciate certain phases of the relationship, it will l)c 
of advantage to state briefly, in a general way, some of the characteristics of thc.se dif- 
ferent types of landslides. In doing this, reference will first bo made to the most com- 
monly occurring type, the earth-slump. The other two may then be characterized by 
contrast 'with this type. 

Under normal conditions, earth-slumps appear chiefly as features of mature slopes 
which are in adjustment to the ordinary processes of rain erosion. They are also foimd, 
however, as notable features of immature slopes, at the base of which horizontal cor- 
rasion is active, as on sea-cliffs and stream-cliffs, supplanting under certain conditions 
the earth-avalanche which is chiefly found in such situations. On the mature slopes of 
the Coast Ranges of Califomia, under present climatic conditions, the regolith or mantle 
of decomposed rock, on the more common rocks, appears to be accumulating at a some- 
what faster rate than the rain-wash can remove it. This excessive accumulation of the 
regolith appears to be an important factor in producing conditions conducive to earth- 
slumps. The climate of the region is characterized by a pronounced alternation of 
dry and wet seasons. In the summer the soU and regolith on the hillsides arc dried out 
to a considerable depth, in many cases down to the underlying firm rock; and as the 
desiccation proceeds the soil shrinks and cracks. The cracks thus formed permit the 
ready access of the early winter rains to the deeper portions of the soil and regolith. The 
concentration of the entire rainfall in one half of the year is also more conducive to the 
saturation of the ground than if it were distributed thruout the year. The climate 
is thus a contributory factor to the prevalence of earth-slumps. 

A factor of local importance is the character of the underlying geological formations. 
Where these consist of cla 3 rs or shales, earth-slumps arc much more liable to be inau- 
gurated and to recur than where the rocks have little or no clay in them. The emergence 
of springs on hillsides is also a fruitful cause of earth-slumping where other conditions, 
particularly the last mentioned, arc favorable. Another factor may be the recent sul)- 
jection of the hill-slopes to grazing and tillage. In general, however, this interference 
with natural conditions appears to have been conducive to excessive corrasion and 
sapping, rather than to slumping. Grazing and tillage rob tlui surface of its natural 
protection of dead grass and other vegetation, which in the early winter season tend to 
restrain the rapid flow of the rain-water and its concentration in lines of corrasivo activity. 
New lines of corrasion are thus inaugurated, and where the rocks arc but slightly coherent 
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new geomorphic forms, of the bad-land type, are evolved with startling rapidity. This 
corrasive process is sometimes complicated by earth-slumping. 

The activity of earth-slumping as a dcgradational process is, in general, a function of 
the amount of rainfall in any given season. Thus in the winter of 1880-1890, in which 
the rainfall was exceptionally heavy, earth-slumps thruout the Coast Rang(;s were 
much more active than in seasons of normal rainfall, and many new ones were startcul. 
In all such earth-slumps the saturation with water of the soil and rcgolith, and in some 
cases of the underlying formations, is an essential condition. This water is /the main 
agtffit in luoH(ming or disint(igrating the material preparatory to the slip. It is also a 
motive power on account of the large addition which it makes to the weight of the un- 
stable mass; and it is a transporting agent owing to the fluid or plastic nature which it 
imparts to it. 

The character of the movement in an earth-slump is noteworthy. The ground moved 
drops away from the slope in the form of a bite, leaving a lunate or horseshoe-shaped 
scarp overlooking the sunken ama. As the mass movtis down, it generally encounters 
the resistance of more stable i)ortions of the slope below, and is thus crowdwl upon 
itself. The plastic mas.s is in this way deformed, and the deformation amounts in many 
cases to an effective rotation of the moved portion upon a horizontal axis. The lower 
portion is thrust over the passive ground at its lower margin, and th(^ .slope of the sur- 
fa(!e of the moved part is greatly diminished and in many cases reverses!. Between the 
reversiMl slope and the limiting scarp a depression is thus formed which may become 
a pool. The change in the slope thus occasioned gives rise to the landslide terrace.* 
This kind of movement may be slowly continuous for considerable i)eriods, or it may be 
fitful, dei)cnding ui)on the supply of water. In a slumping tract the movement may 
l)C repeated at various levcds, giving the slope an irregularly stci>t or terraced 'profile; 
and if the movcnient has been recent, numerous cracks and fissiucs traverse those terraces, 
particularly where they break away from the upper limiting scarp. 

The instability of the mass is an essential feature of the earth-slump. When not 
actually moving, its movement is imminent at all times, but with varying degrees of 
imminence, depending upon local conditions. This instability and imminence of move- 
ment is true of many s1oih;s where no actual earth-slump has appeared, but where move- 
ment may be inaugurated at any time by an exceptionally heavy winter or by some 
other pre,cipitating cause. Severe earthquakes constitute one of these precipitatory 
cau.ses. Thruout the Coast Ranges of Ctdifomia the small residual stability of many 
earth-slumps was overcome by the vibration of the ground at the time of the earthquake 
of April 18, and they were caased to slump forward. In many other instances new 
(;arth-slumps wore start(xl, owing to the same general cause. Besides the earth-slump 
mt)vements which were the immediate effect of the earthquake shock, there were doubt- 
less others which were indirectly rcfiirable to the same cause. As will Ixi shown in an- 
other part of this rc{x>rt, one (iffect of the earthquake was the derangcunent of the normal 
movement and amount of flow of underground waters, the general result being a tem- 
porary increase of flow. Inasmuch as many earth-slumps depend for their water upon 
springs, there can l)e little doubt that the increased flow had its effect upon thi^se, and 
promoted their activity several days or possibly weeks after the shock itself. 

Another way in which the shock conduced to the activity of earth-slumps at a later 
date than the shock itsedf was by opening cracks and thus rendering the deept^r portions 
of the unstable mass more accc.ssiblo to the rains of the following winter. The move- 
ment of earth-slumps at the time of the earthquake was abnormally large and sudden, 
thus leading to the development of numerous open cracks, not only in the landslide 
proper, but also in the surrounding slopes above the limiting scarp. The effect of this 

‘ See U. S. G. S. MoiK>graph, I, Lake Bonneville, by G. K. Gilbert, p. 83. 
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would inevitably be the enlargement of the area of the slide in the wet season. Sim- 
ilarly on many slopes, particularly at points not far distant from the Rift, numerous 
cracks were opened without actual slumping of the ground occurring in consequence of 
the shock; but the conditions were thus provided for the slumping process the following 
winter. During the winter 1906-1907 many such slides were reported in a general way. 
Unfortunately detailed information as to their occurrence is as 3 ret lacking. It is to be 
noted that an exceptionally heavy rainfall conspired with the conditions established 
by the earthquake to produce these landslides. 

In the type of landslide thus far considered, the contained water, which is at once in 
part the cause and the means of the movement, accumulates relatively slowly, and it 
varies with the season, there being usually a more or less free drainage from the lower 
portion of such slides. There are, however, other landslides which are due to a relatively 
large and sudden accession of water to the unconsolidated materials of a slope. Such 
sudden accessions of water may be conceived to be produced in a variety of ways; such, 
for example, as a so-called “cloudburst” in a desert canyon, the slopes of which may 
be heavily mantlal by earth and loose rock; or the breaking of a barrier which retains 
a bog or other body of water. For the present purpose, however, which is not that of an 
exhaustive systematic discussion of this class of phenomena, it will be sufficient to take 
note only of water which is expelled from the ground by the oompi'essivc action of the 
earthquake shock. Such landslides may be discriminated from carth-slunqis by reason 
of their greater mobility, under the designation mrth-flow. hJarth-flows differ from 
earth-slumps not only in the much larger quantity of water involved in their mechanism 
as a moving mass, in the suddenness with which the water becomes efficient as a trans- 
porting agency, and in the rapidity of the movement; but also in the brevity of the 
entire process, its finality, and its non-recurrence. 

Besides these two types of landslides, there is still another, which is immediately asso- 
ciated with earthquakes as a cause of movement. This is the slide of dry earth and 
rock uiwn precipitous slopes or their fall from cliffs. Soil or other loose forms of earth 
may participate in such landslides, but the material is usually composed chiefly of rock 
which becomes increasingly shattered with the progress of the slide. Such landslides 
will here be referred to as earth-avalanches. They are distinguished from both earth- 
slumps and earth-fiowrs by the chai'actcr of the material and by the absence of w’atcr 
as an essential factor in producing movement. They also differ usually in the marked 
acclivity of the slopes on which they occur. They differ from earth-slumps, but resemble 
earth-flows, in the finality or completeness of the movement. They arc not progressive 
movements, but sudden events ; and there is no recurrence of movement of the matei'ial 
involved, altho the avalanche may recur at the same place. 

Besides those three typos of landslide, another ought perhaps to be recognized. This 
is the form of superficial earth movement which occurred in consequence of the earth- 
quake shock on the alluvial bottom-lands of many streams. It may appropriately bo 
designated an earth-lurch. It varies from the opening of a mere crack, with a slight 
movement of the ground oh one or both sides, to a violent and complicated deformation 
of the surface, usually accompanied by cracks and open fissures parallel to the trend 
of the neighboring stream trench. These crafiks and fissures cut the ground up into 
strips or prisms which lurch toward the stream trench, or, it may be, toward an aban- 
doned slough, the lurch usually being accompanied by a rotation of the prism. They 
are distinguished from all other forms of landslides by occurring on perfectly flat ground 
and by the fact that they are apparently referable directly and solely to the horizontal 
jerk of the earth movement during the earthquake shock. 

A brief account, w'hich in some cases amounts only to a mention, will now be given 
of some of the various kinds of landslides set in motion by the earthquake. 
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BASTH-AVALANCHBS. 

Earth-avalsnches were caused chiefly along the searcliffs of the coast on the morning 
of the earthquake, tho some also occurred on steep canyons within the zone of high inten- 
sity. On the coast the earth-avalanches were for the most part simply an exceptional 
incident in the normal process of cliff recession. Where the upland of the Coast Ranges 
approaches the shore, the horizontal corrasion of the waves maintains a steep sea-cliff ; 
and the recession of the sea-cliff is effected by the repeated occurrence of oarth-avalanchcs 
due to the undermining by the sea, combined with the disintegrating action of atmos- 
pheric agencies. There are thus always upon the face oT the cliff masses of earth or 
rock, the fall of which is imminent and may easily be precipitated by a severe shock of 
earthquake. 

The most notable of the earth-avalanches occurred where the sea-cliffs are highest and 
steepest. This happens on the coast of Humlx)ldt County, between Cape Mendocino 
and Point Dclgada. Not only are the cliffs here particularly favorable for large earth- 
avalanches, but the coast here is close to the line of the fault which caused the earth- 
quake, and so received an exceptionally severe shaking. For many miles of coast there 
was a general slipping of rock and earth into the sea, down very precipitous sea-cliffs 
ranging up to over 2,000 feet in height. Ifctween Shelter Cove and Point Arena, the 
sea-cliffs are not so high nor so continuous, but there was nevertheless a very general, 
and locally large, shedding of material from their face; and the sea was muddy for many 
days after the earth(iuake in consequence of the dejection of the debris uix)n the shore, 
within range of the attack of the waves. 

From Point Arena southward to Fort Ross, the cliffs arc low, being for the most part 
not in excess of 100 feet. Earth-avalanches were nevertheless of common occurrence 
along this stretch of coast. South of Fort Ross to Bodega Head the cliffs are again, 
as far as the mouth of the Russian River, several hundred feet high and very steep. 
Here again earth-avalanches were extensive. The rocks along this entire stretch of 
coast from Cape Mendocino to Bodega Head are prevailingly sandstones and shales. 
On the sea-cliffs on the north side of Bolinas Bay and west of the town of Bolinas, there 
was a very general crumbling and fall of the sea-cliff upon the beach. South of the 
Golden Gate, the most notable earth-avalanches were along the sea-cliffs between the 
city and Mussel Rock. This cliff has a length of about 6 miles and ranges in height 
from about 100 feet up to 700 feet, and is cut almost wholly in the strata of the Merced 
(Pliocene) scries, which are inclined at angles varying from 15® to 75®. The rocks are 
for the most part rather soft and incoherent, tho there arc numerous well-cemented 
and indurated beds in the series. This cliff convergers on the fault at a small angle, and 
intersects it at its south end near Mussel Rock. The cliff was severely shaken and great 
quantities of earth and rock were cau.scd to fall or slip down. The great earth-slump 
at Mussel Rock (Plate 129c, i>) was also notably accelerated. A similar sudden 
movement of the ground occurred on the west side of Merced Lake, whereby a large .sec- 
tion of the slope sank toward and into the lake, and a portion of the bottom of the lake 
was lifted above the surface by the deformational rotation of the collapsed ground. 

To the south of Mussel Rock there were sevci*al small earth-avalanches along the 
cliffs, and numerous cracks were formed near the brink of the cliffs which will in future 
doubtless lead to further falls from the cliff-face. Near San Pedro Point there was a 
large movement of tho earth on the face of the high cliff. One earth-avalanche to the 
north of the Devil’s Slide started about 800 feet above the shore and swept the face of 
the cliff, carrying away several hundred feet of roadbed. The slide occurred near the 
contact of sandstones reposing on granite, and both kinds of rock were involved. Smaller 
oarth-avalanches occurred farther south on the sea-cliffs. 
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Inland from the coast there were numerous earth>avalanches caused by the earth- 
quake on the walls of steep canyons. One of the most noteworthy of these was on the 
north side of a short but deep canyon west of Chittenden and close to the line of the 
fault. (Plate 126a.) The rocks composing the side of the canyon are the bituminous 
shales of the Monterey series. The slope rises very steeply for about 500 feet and was 
quite dry before the caithquake, altho it was covered with spring vegetation. Areas 
of bare rock appeared thru this vegetation. At the time of the shock several earth- 
avalanches were started, and these sUd suddenly down the slope, part of the material 
filling the bottom of the canyon and part remaining on the less steep lower portions of 
the slope. The larger masses were broken off up near the brink of the canyon. There 
was apparently little or no rotation of the sliding mass. The result was to gorge com- 
pletely the lower part of the canyon with rock d6bris, to widen the upper part of the 
canyon, and to expose extensive surfaces of unweathered rock. 

On Deer Creek, in the Santa Cruz Mountains, an extensive earth-avalanche started 
near Grizzly Rock and moved westward down a steep, narrow canyon for about 0.25 
mile. (Plates 124d and 125a.) It then changed its course thru an angle of about 60** 
as it entered a wider canyon of lower grade, and following this for another 0.25 mile, 
finally stopt at the Hoffmann Shingle Mill, which was wreckexl. A fine growth of red- 
wood, some 200 feet in height, was mowed down, and covered to the extent of 10 acres 
or more with from 30 to 60 feet of debris. The trees were from 3 to 10 feet in diameter. 
The main canyon was filled with earth and rock for an average width of 80 yards and 
a length of 400 yards. The entire area of the slide was about 25 acres. The difference 
in altitude between the point where the slide startcxl and the shingle mill, where it stopt, 
is 500 feet. According to Mr. G. A. Waring, the slide material has a depth of 300 feet 
and is composed of soil, clay, and shale. Mr. E. P. Carey, who examined and photo- 
graphed this interesting earth-avalanche, states that it originated in rock that broke 
away in pieces from the steeply mclined slope at the head of the gulch, leaving a large 
theater-like space, the bare, light-colored rock walls of which were in sharp contrast 
with the surrounding green vegetation. The movement was faster in the center or 
deepest part of the gorge than on the margins. The rock was in general piled up higher 
along both sides than in the center, and many pieces became entangled in the standing 
or uprooted trees. A steep-walled tributary to the southeast of th6 main gulch supplied 
rock material to the main avalanche, and the 2 streams joined much as confluent glaciers 
do. The material involved in the avalanche showed every gradation from powder to 
angular pieces 30 feet or more in diameter. The surface was uneven thruout. Near 
the mUl a man was killed by a tree that fell as the avalanche was advancing. 

Mr. Carey also reports another earth-avalanche located on the Petty ranch, about 
4 miles southeast of the one just described. Here a huge rock mass, which embraces an 
area of about 12 acres at the headwaters of Cauley Gulch, broke away from a ledge and 
dropt, leaving a vertical scarp of 40 feet or more. The rock mass in this case was not 
shattered. It practically maiiitaincKl its integrity. The narrow gulch below was im- 
favorable for free downward movement. As the block readjusted itself, its upper surface 
became nearly level, but was lower at the foot of the scarp than at its outer edge, thus 
indicating that it had suffered rotation. 

At a point about 1.25 miles west of the Mindego sink, on the ranch of Andrew Stengel, 
an earth-avalanche is reported by Mr. Albert C. Herre. It is on a small tributary of 
Alpine Creek, and about 4 miles southwest of the San Andreas fault at the point where 
the latter crosses Black Mountain into the head of Stevens Creek Canyon. The creek 
here is in a narrow, steep-walled canyon in the bituminous shale of the Monterey series. 
The soil on the canyon side was very shallow, and at the time of the earthquake it was 
shaken down into the bottom of the canyon, leaving the walls absolutely bare in places 
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for a hundred yards at a stretch. The slide extends for 0.25 mile on both sides of the 
canyon. A similar earth-avalanche was caused by the eai-tluiuakc on the ranch of 
Judge Welch, not far from Long Bridge and within 2 miles of 8ai'atoga. Mr. Herre 
reports that here the soil on the northwest side of a small creek coming down from the 
Castle Rock Ridge, was shaken down for perhaps 0.5 mile, iho not continuously. In 
places the slid material filled up the creek-bed and totally clianged the contour. It 
destroyed the road to the ranches farther up the canyon, and wrecked some bridges. 
Along the upper part of the area affected, a vineyard was destroyed; while farther down 
the canyon a heavy forest growth, consisting mostly of redwood, oak, alder, and laurel, 
was obliterated. This slide lies in the path of the San Andreas fault. 

Mr. Herre further reports a large slide on the Mindego Ranch, 20 miles southwest of 
Palo Alto. Here, on the north side of Alpine Crock, a tract of some 50 acres sank at 
the time of the earthquake, with little or no apparent forward movement. The tract 
sloped to the south and west, and formed part of a great, open hill pasture, with trees 
and underbrush about the lower or creek side. The crcck-l)cd itself is filial with a growth 
of Douglas spruces and other trees. The land, which before the earthquake was steeply 
inclined, is now comparatively level, the eastern and northern part havmg sunk perhai)S 
100 feet, while that on the west has sunk but 10 or 15 feet. The surface of the sunken 
tract was greatly scamal and crackal, and part of it was floodal, owing to the springs 
uncovered; but otherwise it was unchanged in appearance. There was no piling up 
of earth, nor sliding of one portion over another. A fence crost the tract, and the posts 
on it sank so that but a few inches protruded above the surface ; while some Douglas 
spruces also sank several feet into the earth. A number of cattle were on the land at 
the time of the eartluiuake, but were uninjured. It was a work of great difficulty to 
remove them, block and tackle being necessary. The creek-bal was apparently not 
affected, nor wore the trees in it disturlxHi. There was no ap]mreut movement of the 
earth into the canyon, but the whole ma.ss sa'ins simply to have been dropt from a steep 
slope to a nearly uniform level, surrounded by the high, blank, almost perpendicular 
widls of earth and rock from which it had been sundered. 

Many other earth-avalanclu>s of minor importance were causal by the earthejuake 
in various parts of the Santa Cruz Mountains. At Hidden Villa, 2 miles northwest of 
black Mountain, large blocks of rock arc reported to have rolled down the slopes. There 
were numerous slides along Stevens Cra^k, due chiefly to the caving of the cn'ek banks. 
Along the ridge roswl southwtwt of Stevens Creek, sandstone blocks, some of them 6 fast in 
diameter, rolled down the hills toward the cnx'k. Near Half Moon Bay considerable 
masses of granite were dislalgal on a steep slope. (Plate 124i’.) On the road along 
Pilarcitos Creek, an earth-avalanche brought down big blocks of saiuKstone upon the 
road. (Plate 126 b.) At Boulder Creek a large ]X)rtion of the soil was shaken h)o8e 
from an abrupt hill 150 fa?t high, and fell to the level of the creek, carrying tra's with 
it. At the north end of Ben lA)inund Mountain, a slide earrial tri'cs and brush down 
to the creek. Near Olive Springs, 12 miles north of Santa Cruz, an earth-avalanche 
demolishal Loma Prieta Mill and killal several nnm. At many placets on the south side 
of Corte Madera Creek, huge masses of rock hail been thrown down from the steep bluffs 
into the road, completely blocking it. About a mile from the summit of the ridge, where 
the Alpine road enters the Page Mill road, a slide carried away the entire robbed for 
a distance of about 300 feet. On Purissima Creek a slide filled the road for a length 
of about 100 feet ; another, between 0.25 mile and 0.5 mile long, dammed the creek to 
a depth of 25 or 30 feet. A large slide close to Wright Station partly dammed the stream. 
On the western slope of the ridge just west of Skyland, several earth-avalanches were 
caused by the shock; and great slides of a similar character occurred on both sides of 
Aptos Creek for 0.75 mile. Besides these, there were many smaller earth-avalanches 
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in many parts of the Santa Cruz Mountains which can not be oinmerated. There were 
also several such slides on the granite slopes of Montara Mountain, farther north in the 
San Francisco Peninsula. 

In the Coast Ranges to the north of the Bay of San Francisco, earth-avalanches were 
not so common away from the coast as they were in the Santa Cruz Mountains. There 
were, however, two notable ones which deserve mention here. The first of these is the 
Maacama slide, 6 miles east of Healdsburg. (Plate 124a, b.) The slide is about 0.125 
mile wide at the top, and 0.5 mile long. The rock is a stratified volcanic tuff, and the 
slip was down the dip of the beds. The avalanche cut its way thru a fir forest and 
dammed Maacama Creek. The other is the earth-avalanche which, on May 1, 1906, 
dammed Cache Creek to a depth of 90 feet at a point 4 miles below the confluence of 
the north and south branches of the creek. The rock which fell is red sandstone. The 
width of the slide is 300 feet and its height is 500 feet. The dam thus formed broke 
one week later. This earth-avalanche can not be so directly referred to the earthquake 
of April 18 as the others heretofore described, but it was probably indirectly caus^ by 
the shock. 


KABTH-SLUMPS. 

By far the most common manifestation of landslide phenomena was that here referred 
to as earth-slump. It would be wearisome to attempt to mention all the various earth- 
slumps stimulate by the earthquake, even if information were sufficiently detailed to 
make this possible. Only two of the more important slides which have come imder the 
observation of geologists will be noted. 

Cape Fartunas earth-slump (F. E. Matthes). — This landslide, immediately south of Cape 
Fortunas, is by far the most extensive one on the northern coast. (Sec plate 127a, b.) 
In May, 1906, it projected into the ocean for aliout 0.25 mile, like a hummocky headland 
of irregular outline; indeed, it formed a new cape on the coast-line, but will doubtless 
rapidly be cut back by the action of the waves. Its length, in the direction of its move- 
ment toward the ocean, is estimated at little short of a mile; its width varies from 0.25 
mile to 0.5 mile. Its total descent, from the summit of the higher scarps at its head to 
the level of the sea, is probably less than 500 feet. Its surface is exceedingly irregular, 
with many large humi)s and hollows. Over large areas the sod is more or less rhythmi- 
cally broken by deep cracks extending at right angles to the direction of movement. 
These cracks are only a few feet apart, and the so<l-blocks between them lie mostly in 
tilted attitudes, making the area excceilingly difficult to traverse. The general aspect 
is not unlike that of a much crevassed glacier. In some places, however, the mass seems 
to have been torn apart so completely that the sod is not mendy broktm but almost 
swallowed up or buried, the browns and yellows of the under soil Ixiing the prevailing 
tints. Around its h<jad are a number of steep scarps, from 100 to 200 feet high. They 
arc especially prominent on the north side, and again toward the southeast; but over 
considerable stretches Ixitwecn th(!se two sets, the broken surface of the slide joins the 
unbroken hillsides to the east without significant offset. Owing to this, the slide is 
easily approached from the wagon road (from Ckjntcrville to Cape Town), which passes 
close by its head. The longitudinal profile of the landslide is one of gentle slopes for 
the most part; its declivity is not at all great, and in a few places even reversed slopes 
occur. Its noteworthy feature is not its vertical drop but its great forward movement. 
In a sense it has Sowed like a partially plastic mass, expanding and advancing 0.25 mile 
beyond the coast-line, but descending only a few hundred feet. 

In its general aspect, as well as in the nature of its movement, the Cape Fortunas 
landslide is altogether differept from those observed farther south, particularly along 
the mountainous coast both north and south of Point Delgada, which, in effect, did little 
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else than revive a series of old landslide facets. This may not be apparent to an observer 
on the beach, but is ejuite striking when the coast is viewed in its entirety from a vessel 
off-shore. These facets existed before this earthquake, and had been recognized as such. 
They ai’c conspicuously outlinc<l against the dark timbered slopes behind thenj, rising 
from 1,000 to 2,000 feet alwve the shoiv, and affording an important scries of land- 
marks for the mariner. In strong contrast with these bold mountain forms is the region 
in which the Cape Fortunas landslide took place. The land here can scarcely l)e called 
mountainous; and while it breaks off in cliffs at the coast and is traversed by many 
fairly deej) (Iraws, it is csscmtially a rcigion of sulxlued relief. CJnsat (hiclivitics are 
notably alwent, except in the sea-cliffs, an<l even these axe only a few hundnul feet high. 
At the same time, evidences of fonner landslides may be seen on every hand. They 
arc not extensive, as a rule, and arc as likely to occur on g(tntle slopes as on steep ones. 
In a few cases only is a marked dowitslip noticeable, resulting in the uncovering of 
a steep scarp ; in nearly every instance the disi(K!at(Hl mass appears not so much to have 
sheared off and dropt from its form(;r position, as to have expanded or slumpcil, with 
an accompanying sul)sidcncc of its surface. The billowy and iiTegularly pitted appear- 
ance of these areas, together with the rank vegetation that covers them, afford the prin- 
cipal marks of identification. Both from their characteristic form, sugg(!stivc of plastic 
flow, and from their mode of occurrence, it seems reasonable to infer that ground-water 
plays an important r61c in their genesis. They arc apparently mas.se3 which have 
changed their shape in obedience to a lessening of cohesion in their interior, through 
saturation with water. Whether the movement be initiated by an earth-tremor or 
not, it is in every case essentially an adjustment to a more stable i>ositiun, rcud(!rcd 
necos.sary by a change in the physical constitution of the mass. 

It is to this category of landslides that the one at Cape Fortunas belongs. While 
there arc scarps in varioas places at its upi)or end, the.se arc really insignificant fciaturcs 
alongside of the extensive tract of the slide itself. What downslipping occurred on 
these scarps was merely an incident in the entire moveimint. Both in the large ratio 
between its horizontal atlvancc and its vortical drop, and in its general a]>])carancc, the 
Cape Fortunas landslide is ckxscily analogous to the numerous lesser slides niferred to; 
and there is good reason for the belief that, like; them, it consisted e.ssontially of an 
adjustment of equilibrium in a partially water-saturated mass. It probably had long 
Ixion imminent Ixifore the earthtjuake started it. 

San PabU) earth-slump. — At the, time of the carth(|uake a landslide occum^d on Mills’ 
ranch, which is alwut 4 mihw east of San Pablo. The slide is interesting from the fact 
that a previous g(;ological mapping of the region indicated that th<i point where it 
octuirnsl was on the liiu! of a fault extending in a northerly and southerly direction 
through the; Sobrantt! Hills. The slide was e.\amiued by Mr. E. S. l^arsen, who describes 
it tis follows: 

There are many other landslides in this vicinity, showing that the country is subject to 
such slules. In this j)articHliir case, one «if the (’ast.ro boys informed me that the main 
j)art of this slide ))cgan during the wint(;r rains, and had fallen a foot or more during these 
rains. The balance of the fall occurred the morning of the earthquake. The slide is on 
the east slope of a stecji hillside and extends from the top of the hill nearly to the bottom, 
about 400 feet on the slope. The width is about 1 ,.500 feet. At the northeiust comer the 
scarp is greatest., reaching perhaps ,50 feet. It gradually decreases, and is very slight for 
the southwest 700 feet. On this southwest 700 feet the only evidence of a slide is the crack 
near the top of the hill. The north 800 feet of ground shows every evidence of sliding. 
The dry ground is much cracked, and these cracks extend up and down the hill near the 
scarp and along the hill where the ground has been piled up. In some places there is a 
network of cracks. On the south side of the main slide the ground has piled up about 10 
feet. This extends along nearly all of the south side, and this tendency to pile up to the 
south is shown in other places. Moreover, the north side shows that the ground has pulled 
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away toward the south. The above shows that the movement was not directly down the 
hill, but was more to the south. The formation is sandstones and shales, with considerable 
soft surface soil. 

The same slide was subsequently visited by Mr. F. E. Matthes, and the following 

descriptive note is by him. (See 
figs. ^ and 69.) 

The slip occurred east of a high ridge 
at the southern end of the Sobrante 
Hills. It covers the northeast half of 
an area whose terraced nature is in- 
dicative of a former landslide of much 
larger dimensions. The accompany- 
ing sketches show the general outlines, 
and a cross-section of the slide. It 
will be noticed that the slide does not 
extend all the way down the slope, its 
lower edges being fully 100 feet or 
more above the bottom of the gulch. 
The lower slopes were not materially 
changed, and but little debris fell into 
the stream-bed. 

A steep scarp has been produced 
east of the crest of the ridge. The 
downslip along this scarp does not 
exceed 50 feet, and decreases both to 
north and south. Along the north 
edge there has been a marked move- 
ment down and southward, the scarp 
there averaging 10 feet. Along the 
south side, on the other hand, the loos- 
ened mass had advanced over the old 
surface, presenting a bulging and 
cracked frontal scarp some 6 feet 
high. It appears from this that the 
movement took place, not along the 
line of greatest declivity, but in a 
direction somewhat more southward, as indicated by the arrow. The 2 hummocks probably 
existed before the slip occurred, but jud^ng by their greatly cracked and rent surfaces, it 
seems likely that their height has been slightly increased. The main crack, which extends 
southward from the upper scarp, contin- 
ues along the hillside in irregular zig-zags 
for some 300 feet south of the slide. 

(See plate 128a, b.) 

Other earth-slumps referred to un(l(!r 
the section on the Distribution of Inten- 
sity are shown in plates 125b and 129a, 

B, D. 

EAKTH-FU)W8. 

Mount Olivet Cemetery (A. C. Lawson). 

— Perhaps the best illustration of an 
earth-flow caused by a sudden accession 
of water to the incoherent materials of a 
slope, in consequence of the earthquake shock, is that which occurred in the upper part of 
Mount Olivet Cemetery, near Colma, 9 milos south of San Francisco. The locality is at 
the base of the San Bruno scarp, and about 2.75 miles northeast of the San Andreas 



Fio. 69. — Section of landslide shown in flg. 08, along 
the line 



Fig. 68. — Map of landslide caused by the earthquake east 
of San Pablo. 
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fault at Mussel Rock. The steep slope of the scarp is underlain by hard sandstone of the 
Franciscan series, with but a thin veneer of soil, or none at all. At the base of the scarp 
is the gentle slope of Merced Valley, underlain here by Pleistocene and recent sands. 
The sands, partly eolian, lap up oh the lower flanks of the scarp, and mantle the trace 
of the auxiliary fault which follows its base. The sands thus vary in thickness from 
a feather edge to an unknown thickness, which it is believed may be as much as a few 
himdred feet at no great distance from the base of the scarp. Traversing the gentle 
slope of the valley-floor are several shallow arroyos, which head in incipient ravines in 
the face of the scarp. At the moment of the earthquake there was a sudden outgush 
of sand and water at a point at the upper end of the cemetery, close to the base of the 
searp and quite near, if not immediately upon, the line of the buried fault-traee. This 
stream of sand and water, admixed with the loam of the slope, flowed rapidly down the 
course of a shallow arroyo on a grade of about 1:25 with a depth of from 13 feet in its 
upper part to about 3 feet in its lower. The front of the stream stopt abruptly at a point 
just beyond the roadway about half a mile from the origin. The flow was so rapid that 
it carried away many small trees; a wind-mill was wrecked and the heavy concrete 
blocks which served for its foundation were swept down, with other debris. One of 
the pumping stations of the cemetery was demolished by it, and 2 horses were carried 
off their feet, and were extricated afterwards with difficultv. (See plates 130a, b and 
131a.) 

According to Mr. M. Jensen, the superintendent of the cemetery, the entire flow had 
been accomplished within 3 minutes from the time of the shock, and he was at its source 
within 20 minutes after it occurred. The height of the flow within a few hundred feet 
of its source was attesteil by the mud upon the trunks of some eucalyptus trees near its 
margin. This mud extended up to 13 feet above the bottom of the arroyo. This, 
however, doubtless indicates the height of the front of the stream as it past this point. 
As the flow advanced, its surface near its source rapidly dropt; and by the time the 
front had reached the roadway the stream was probably no deeper at its source than 
at its terminus. Indeed, it seems to have l)een somewhat less, as there was a marked 
tendency for the sand to pile up at the front by reason of the negative acceleration at 
the front due to loss of water. After the moving mass had come to rest and partially 
dried out, it was found that it had left a streak of muddy sand on the bottom of the 
arroyo averaging 100 feet wide and about 3 feet thick. Taking the length of the flow 
as 900 yards, this gives the total volume of the compacted wet sand as 89,100 cubic 
yards. The cavity in the slope caused by the evacuation of this sand and loam was not 
measured, but was estimated to have a width of 150 yards, a length of 300 yards in the 
direction of the flow, and an average depth of 2 yards. On this estimate, its volume 
would be about 90,000 cubic yards, which agrees quite closely with the estimated volume 
of the material ejected. 

The sand, after it had ceased flowing and had been drained and coinpacietl, undoubteilly 
held in the voids between the grains not less than 25 per cent of its volume of water. 
An additional 15 per cent would probably give it the necessary fluidity for flow down 
a slope of 1 : 25. But as the flow was swift, there was an excess of water, so that probably 
25 per cent would have to be added to give it the properties manifested in the actual 
flow. The sand, however, in its ori^nal position before the time of the earthquake, 
probably did not contain more than 20 per cent of water, since the upper or soil layer 
had been somewhat dried out by the air. To the original sand of the slope, therefore, 
there must have been added 30 per cent of its volume of water to cause it to behave as 
it did. This amounts to 27,000 cubic yards. This water came from ground immediately 
below the soimse of the flow; and it came in a moment, at the time of the earthquake. 
It is only another way of stating the facts to say that it was squeezed out. There was 
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no disturbuice of the soil on 3ther iidc of the ea'nigi:, -even In Itslmmediatc ^cinity. 
On the shoulder to the souUieaat, where the trace -of the auxiliary fault passes over 
practically bare rock, no evidence of movement was detected on critical examination, 
ihie expulsion of the water was a purely local phenomenon. In attempting to explain 
the cause of It, or to ascertain the local subterranean conditions which conspired with 
the earthquake shock to bring about the event, it should be noted first that on the line 
of the fault-trace there are longitudinal depressions, which apiiear to be in part structural 
and in part due to erosion following the fault. If one of tlmse depressions should locally 
have the character of a sink, without free drainage, then the sand which filled it would 
be saturated with water in consciiuence of the rains of the previous winter. It is believed 
that the compressive action of the earth-wave passing through such a pocket of satu- 
rated sand, and reflected perhaps more than once from the containing rock walls, would 
be adequate to expel 27,000 cubic yards of water from the deeper portion and add it 
suddenly to the more superficial portion of the formation, thus bringing about the 
earth-flow. It may be stated in this connection, although it has no conclusive bearing 
upon the question involved, that the sands of the valley generally are an abundant 
source of well water, and that there is a surface well within a few hundred feet of the 
source of the earth-flow, lower on the slope. There was very little water in the arroyo 
before the earthquake and a very insignificant stream afterwards, the latter being prob- 
ably referable to the drainage from the ejected sand. 

Vicinity of Half Moon Bay (llobert Anderson). — The earthquake shock caused the 
appearance of an unusual amount of water at the surface in many places. This was 
noticeable in the vicinity of San Bruno, where several short streams running into the 
bay were flooded by an unusual volume of water during the first days following the 
earthquake, in spite of the fact that it was perfectly clear weather. Instances have 
been cited in the present writer’s notes on the results of the eartlujuakc in the San 
Francisco Peninsula, of water with a salty taste or milky color iasuing from springs 
after the shock, and of streams being muddy and flowing with increased volume. These 
facts, and the fact that water continued to issue after the earthquake at the points where 
earth-flows occurred, and where it had not been in evidence Isifore, and that earth- 
flows occurred sometimes on convex slopes whei’e the concciiitration of water undiir 
nonnal conditions would be unlikely, se(;m to be explainable only by the tlicory that 
underground conduits were disturtsHl and made more open, that new channels of (weape 
for the water were formed, and that water was actually sejueesed out of the hills in some 
cases by compressive movements. This flowage of water to tlu; surface, in increa.sed 
amounts and sometimes at new places, cause«l the formation of the earth-flows. The 
places where these debacles occurred may or may not have biieii previously points of 
concentration of seepage water, and the soil already in part saturated. But it is sup- 
pose<l that the content of water was increased by the shock, poasibly in extnune cases 
l)y the gushing up of a large volunu;; and that this incrcunent of watiir, with its dis- 
integrating, weighting, lubricating, and diriHit forcing power, aiding the attack of the 
shock on the soil, was the main cause of the earth-flows. 

There is little evidence as to when the flows were fimt set in motion ; whether at once 
during the shock, or later after the laiise of some brief period of time that may have 
been necessary for the accumulation of the water in extra large ({uantities. 

Earth-flows originated in valleys, in gvdlies, or on hillsides. Where the weight of the 
earth, combined with the weight of the added water, was sufficient and the substratum 
of the soil was rendered plastic, gravity caused it to creep like a lava-stream, leaving 
a hollow in the place from which it came and a fan or tongue of d6bris down the slope 
below. Movement was especially apt to ensue where the ground had been previously 
wet, the intensity of the earthquake shock being particularly great at such points and 
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the tendency of the vibrations bdng to set the mass in motion. Earth-flows occurred 
in many places in the Coast Ranges, and probably thniout the region in which the 
shock was heavily felt. The writer found many of them, large and small, on the San 
Francisco Peninsula and in the Smita Cruz Mountains, also in the Mount Diablo and 
Mount Hamilton Ranges. 

Following are descriptions of 5 earth-flows that oceurreil on the morning of the earth- 
quake in the neighborhood of Half Moon Bay, which is on the coast 25 miles south of 
San Francisco: 

One of them was formed in the hills bordering Uie tenace at Half Moon Bay, immedi- 
ately south of Frenchman Cnxik, 1.5 miles north of the town, and a mile from the sea, 
at an elevation of 100 fiHit. It is pictured in plate 132a. At this place the earth cavecl 
away in a eresecnt-slta|)cd area on a slope of only 18°, and flowed out in two long arms 
so as to leave a hole 4 feet deep, surrounded by vertical walls of unaffected soil. The 
flow occurred at a fairly high point on a gently undulaQng incline. The discharged earth 
was divided by a mound, at a point 150 feet below the summit of the arc, and followed 
two courses winch were determined by gullies on both sides. Much of the debris over- 
flowed the central mound at the same time, and inundated the barley flelds to a depth 
of 2 to 4 feet, for 100 feet farther. On both sides of the central mound the caving away 
continued to tlic same depth. In the left-hand fork it stopt within a few fo(!t, and the 
flow did not extend very far lieyond. In the right-hand fork a cut 100 feet long and 
50 feet wide was made, the earth flowing down from it 250 feet farther over the grain 
field, as shown in plate 132a. Thus the whole length of the slide was 500 feet. The 
width of the main hole was on the average about 100 feet, and the length, as already 
mentioned, 150 feet not including the arms. 

In this hollow in the hillsides many dry blocks of sod -carrying growing grain — usually 
in an upright position — were left stranded 4 feet below the surface of the hill by the 
removal of the subsoil. The fence that crost this area was broken and carried away 
and partly burled. Where the caving ceased in the right fork, a ridge of debris was 
piled up across the mouth of the hole, much higher than the stream of loose material 
tliat flowed farther. Similar riilgcs were heapt up across the jiath of the flow, where 
the breaking away of the hill stopt in the other arm and at the upper end of the central 
mound. 

The south or right arm of the -flow extended down the hill nt an angle gradually 
decreasing from 18° to less than 5°. Large parts of the fence were carried on its sur- 
face for 300 feet. 

Plate 132a gives a ilctallcd view of the lower extremity of the right arm. The stream 
came to an abrupt stop, like a quickly cooled lava flow, and preserved a face 1 to 2 feet 
in height above the grain field. The surface of the flow oonsisteil largely of blocks of 
sod, usually almost upright, which were carried down from the hole without much 
moistening, or transformation Into material capable of flowing. The bulk of the flow 
was a moist aggregate of earth fragments possessing something of their previous form 
and grading into mud, which assumed a senii-fluld oouwstency underneath. The 
bottom of the hole, and the flow Itself, remained too muddy to walk on for weeks after 
tlio eartluiuake, and the field below the lower end of the large arm was left marshy, 
tho it had not been so befora It is to be noted tliat several fairly heavy rains followed 
the earthquake after an interval of several days, and before ^ese earth-flows were 
visited", but those were not sufliclMit to account for the amount of moisture observed. 
The chief effect of the water was In the ground at a-depth of 3 or 4 feet below the sur- 
face. It rendered theeoil sufficiently fluid to«nablc it to flow down the gentle slope, 
probably partly oozing from unefer the surface crust and partly transporting the sod 
nfithTt. Most of the surface was carried down with the main flow, the stranded sur- 
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face blocks that remained in the cavity being accountable for as fragments from the 
broken edges subsequently ^ving way and being carried only a short distance as the 
upper end of the flow came to rest. In this way, probably, the walls were trimmed, 
for the cut in general was left remarkably clean. 

Another flow of similar character took place 3 miles north-northwest of the town 
of Half Moon Bay, on the creek next west of Frenchman Creek. It is shown in plates 
132b and 133a. On the morning of the earthquake an acre of the gently sloping allu- 
vial floor of a broad, short valley tributary to the main creek on the cast caved and 
flowed out, leaving an excavation 10 feet deep, where before it had been almost level 
and where there had been no stream channel. In this case, the water already gathered 
in this basin-like valley, which here had had no means of prompt cseape, was an important 
aid in the formation of the flow, aside from the sudden accession of water that probably 
caused the earthquake. The presence of a large amount of water and the forcible 
movement during the earthquake shock resulted in the loosening and undermining of 
the ground and its transportation as a fluent mass. The angle of slope was about 5°. 
The flow carried out thousands of tuns of earth in this manner and 'spread it over 
about 2 acTcs of meadow land, to an average depth of 1.15 to 3 feet. 

Plate 132b gives a view of this earth-flow, showing the pit from which it was derived. 
Covering much of the surface of the flow and the floor of the hole are to be seen blocks 
of sod which have been carried right side up as if the material had moved en masse. 
The amount of water in evidence shows clearly how the earth was softened and enabled 
to move. The picture was taken two weeks after the earthquake. At that time water 
was still seeping up from underground, and out of the lower portions of the broken 
walls, while the ground near the surface of the valley was quite dry. The water had 
formed two definite rivulets thru the d4bris, at an elevation above the surrounding 
meadow, and was running in continuous streams, fast cutting a channel for itself and 
removing the soft material. Considerable water was dammed back in the hole by a 
4-foot ridge of d4bris piled across the mouth of the hole, as in the case of the previously 
described earth-flow. This mound of earth, along the line where the stream left the 
caved-in area and flowed over the preexisting slope, was probably piled up at the last 
by the remnants of the flow gliding down and heaping themselves up as a bairier at 
the mouth of the hole. 

The cavity, about an acre in extent, has 10-foot walls which gradually decrease in 
height lower down the valley, the bottom of the hole being mure nearly level than the 
valley-floor. Plate 133a shows part of this flow in detail. 

Some of the great blocks of sod around the edges have not l)cen remov(id, altho the 
material from underneath has gone. Concentric cracks not visible in the pictures 
extend around the edge of the hole and for 50 hwt above its upper end, showing that 
the area affected is broader than appears at first sight, and that the work is not yet all 
accomplished. The material of the valley-bottom is a coarse, arkose earth, derived 
from decomposing granite, and containing many rock fragments. 

A flood of earth covers about 2 acres of the meadow. 'Water was present in this 
earth-flow in greater amount than in any other that was examined. The nature of the 
material may be judged of by the abrupt face of the stream where it stopt. The edge 
makes a steep angle with th4 meadow and rises to an average height of 2 feet above 
it. Yet the fact that this mass of earth was able to move more than 300 feet after it 
left the lower end of the hole, and spread into an even and thin layer over a wide extent 
of nearly level meadow, shows that it Was fairly soft. It was moved on a basal layer 
of semi-fluid mud and sand, with the aid of the weight of the overlying and partly- dis- 
integrated earth. 
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The largest of the earth-flows seen occurred in the canyon south of the house of Mt. 
Nunez, 2.5 miles cast-northeast of the town of Half Moon Bay, at an elevation of about 
500 feet. It originated in a manner similar to the others, but in a canyon along which 
there is a distinct but ordinarily dry stream channel. A long, irregular hole from 4 to 
7 feet deep was excavated near the head of the valley, and a great volume of earth 
flowed down its curving course for 0.25 mile, as far as the Nunez house, and there stopt, 
being in part diverted into the main creek to which the valley is there tributary. Ac- 
cording to the testimony of witnesses, the flow reached the end of the 0.25 mile in 0.5 
hour after the earthquake shock. It was seen gliding slowly down and engulfing the 
orchard just back of the house. According to observers on the Nunez ranch, the earth- 
flow was not accompanied by any water; but two weeks later, when examined by the 
writer, it preserved every evidence of having been muddy. Especially was this true 
at the bottom, where great masses of mud still had the consistency of jolly. It is prob- 
able that there was no flowing water on the surface of this or other earth-flows at the 
time of their formation, and that the presence of water in the flow was not evident to the 
casual observer because of the comparative dryness of the material on its upper surface. 

The slope of the canyon down which the moving body of land crawled is about 25® 
near the head and decreases to 15® farther down. The flow filled this to a width of 
100 feet on the average, and to a depth varying from 10 to 20 feet. The inertia of the 
mass is illustrated by the fact that in the early stage of th(; flow the earth was piled 
20 feet higher on the hill, on the inside of the big curve made by the canyon, not far 
below the pit, than it was when the flow came to rest. The marks at this elevation 
were probably made very soon after the nmin ma.ss was discharged from the cavity, 
before it had sprcarl very widely. The central portion of this earth-flow is pictured 
in plate 131b, where it ap|)ears as a ridge many feet high rising above the tall grass on 
the hillside, on the right of the picture. The pressure of the material at the head of 
the flow, as it started, was .so great that the earth bulged up over the sides in places, 
in such a way as to force upward great blocks of sod and turn them on edge or com- 
pletely over, away from the rim of the hole. 

The flow assumed the fornj of two lateral ridges and a central depression, or channel. 
The ridge on the west or inner side of the curve was considerably the higher. The 
form was due partly to the concavity of the valley; but chiefly, it is thought, to the 
tendency of the more fluid material to follow the deepest possible path along the gully 
under the center of the flow. Thus the drier material was retarded at the sides. Sub- 
sequent to the flrst starting of the flow, a stream of semi-fluid mud and sand continued 
to run down the central channel, covering its sides with a coating of mud and leaving 
flowage striations on it. This channel and its markings arc exhibited in plate 131b. 
Two weeks after the earthquake, when the photograph was taken, water was running 
in this channel and had cut down into it several feet deeper. Its bottom, however, was 
still from 5 to 10 feet higher than the bottom of the underlying preexistent water 
course, where water had not flowed before at this time of the year. The man in the 
picture is standing at the bottom of the gully. To the left of him, the hammer and 
note-book mark the top of one of the parts of the lateral ridge which is here divided 
into several hummocks. To the right is the other and higher lateral ridge. The fore- 
ground was formerly covered by a dense thicket of willow trees. These willows have 
been completely buried, except at the sidcB where some dead branches protrude. A 
fence that crost the canyon was torn away for 100 feet, and not a trace of it could be 
found. The fence shown in the picture is one newly built in its place. 

Two other smaller earth-flows occurred just over the hill westward from the last one 
described. They are shown in plate 133b, the canyon on the left being the one occupied 
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by the Nunez flow. One of these 2 earth-flows, that at the right of the picture, started 
near the top of the ridge in a depression in the slope,, formed a hole 75 feet long and 
4(1 feet wide, and coursed down a narrow runnel having a gradient of 25** to the bottom 
of the hill, a distance of 6(X) feet. Enough earth issued to All up the rather deep ditch 
in the gully clear to the bottom of the hill and to bury the grain field on both sides to 
a depth of 1 to 2 feet. In this case, as in the preceding one, there were formed lateral 
ridges higher than the center, so as to leave a groove between. Down this channel 
there flowed softer material, which lined the sides of the lateral ridges with a smooth 
coat of mud and left conspicuous flowage marks. The flow thus raised a ditch for itself 
above the level of the slope. The earth-flow probably assumed this form by leaving 
behind, at the sides, the material least capable of flowing, and by concentrating its 
most liquid parts along the deep central line. 

The other earth-flow was near by, on the convex face of the knoll in the center of 
the picture. A similar cavity was produced, from which the contents were spread out 
broadly. It is a good example of the starting of a gully, as there was no depression 
before. One branch of this earth-flow came straight down the hill and slightly toward 
the canyon on the left; the other branch came down toward the gully in which the 
first-mentioned of these 2 earth-flows occurred. Thus drainage lines were started 
which ultimately may separate the central hill from the ridge on the right, of which 
it is now a continuation. The left arm of the flow on the hill may develop a channel, 
as explained below, which will cause the drainage from this hill, which is now toward 
the foreground, to pass into the canyon on the left. 

Similar landslides, tho usually of smaller size, occurred thruout the rc^on neighbor- 
ing the fault visited by the writer, and even in districts at a considerable distance from 
the fault. Frequently they were not definitely referable to the earth-flow type, but 
resembled more closely earth-slumps formed without the aid of a suddenly increased 
water supply. It was often difficult, especially in cases where the movement was 
slight, or the slide was in the embryonic stage, to determine whether the earthquake 
at those points had caused a flow of water or not. In the instances so far described, it 
was pretty certain that it had; but in many others the phenotiKuia were explainable 
as being the result of moisture that was already collected Ixdorc the earthquake. Many 
slips were formed on hillsides and along the embankments of mountain roails, and along 
the cracks formed by the shock in moist and loosened soil. Often these slips were 
arranged one above another, the perpendicular faces due to slipping having the appear- 
ance of step faults. In such cases the weight of the moved mass and the amount of water 
was not sufficient to cause the material to flow. There were examples of such slips 
along the coast hills north of San Pedro Point, near the road halfway between San 
Bruno and San Andreas Lake, near the road from Belmont to Crystal Springs Lake, 
0.5 mile southeast of the San Mateo Alms House, and in many other places on the San 
Francisco Peninsula. In some places bare ridges had their lines of symmetry broken 
into little knolls and irregularities by these slips, a common occurrence in the hills of soft 
sand formations in the northern part of the San Francisco Peninsula. All the slips 
just referred to illustrated the gradation between earth-slumps and earth-flows. Doubt- 
less in many of them a small amount of water did gather as a result of the earthquake. 

Relation of earth-flows to rainfall (Robert Anderson). — Tho rainfall previous to the 
earthquake, tho possibly of little importance in connection with the more extreme types 
of earth-flows, in which practically all the work was done by a head of water brought 
from underground by the shock, bears a close relation to the less extreme types, and 
to the geologically very important doubtful types intermediate between the earth- 
flows and earth-slumps. In a dry year the number and size of all of these would prob- 
ably have been much less. Had covering of slopes been unsaturated, areas might not 
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have been so ready to break forth at a sudden accession of water from below; and the 
rainfall not having been great, there might not have existed such a plentiful source of 
underground water to be drawn from. The following review of the rainfall conditions 
may be of value in indicating a relation between the preparedness of the ground and 
the number and importance of flows and slumps. 

During the first three months of 190G the rainfall was exceptionally heavy thruout 
California, being on an average thruout the whole State more than 9 inches in excess 
of the normal for that pcrio(l. Up to the beginning of 1906, the amount of rain for 
the season was 4.5 inches below the average; but owing to the great excess during the 
late winter and early spring months the total for the yeW up to the first of April, the 
month in which the earthquake occurred, was nearly 6 inches above the normal. During 
January, February, and March the rain was heavy and continuous. Nearly all the 
rain of the season was during these months immediately preceding the earthquake 
month. Practically no rain fell between April 1 and April 18. 

All of the rainfall data available in the monthly reports of the Weather Bureau for 
California, compiled by Profc.ssor McAdic, has been used for calculating the amount of 
rain in 8 countie.s south of San Francisco. These are San Francisco, Alameda, San 
Mateo, Santa (Uara, Santa Ouz, Monterey, San Luis Obispo, and Santa Barbara. The 
average rainfall at 46 dilTerent places distributed thru these counties was 22.59 inches 
from Septemlxir, 1905, to April 1, 1906, between 2 anti 3 inches alwve the normal for 
this region. Thc.cxc(?ss would have been greater but for the lightness of the rainfall 
during the autumn tenn, which was 3.55 inches, or several inches leas than the average 
for former ytiars. During the spring season up to April 1 , the precipitation was exces- 
sive. During the three montlis that preceded the earthquake, 19.04 inches of rain fell, 
or 84.30 per cent of the whole precipitation up to that time. During the first half of 
April, there was practically no rain at ail. Thruout this region, as well as thru Cali- 
fornia as a whole, March was a very rainy month; especially heavy downpours coming 
everywhere in tin; State during the last days of the month. It was the rainiest of the 
months except in parts of Santa Clara and Santa Cruz Counti(;s, where more fell in the 
month of January. 

The majority of the earth-flows and earth-slumps that occurred were near the coast, 
although the amount of rain that fell was not as large there os it was farther back in the 
mountains. The coast region, however, is subject to heavy fogs, which precipitate some 
moisture ami help to prevent (ivaporation of the moisture already present. These fogs 
were probably a factor in causing the earth-flows and earth-slumps near the sea. The 
princi[)al cases described were miar Half Moon Bay. The records from Point Montara, 
only a few miles away, showml that the rainfall in this vicinity was heavier than at any 
other point along the coast south of San Fi’aneisco. During the spring season up to 
April 1, it amounted to 23 inches, and during the autumn season it amounted to 12 
inches. The table shows that the heaviest rains were in the Santa Cruz Mountains. 
At Boulder Creek, in Santa Cruz County, 55.70 inches of rain fell during January, 
February, and March alone, and 16 inches fell during the four months preceding. 

During the spring of 1906, a large part of the precipitated moisture remained in the 
ground, which was previously dry, and the amount of evaporation was minimized by 
the continuous succession of cloudy and rainy days. The year afforded an example of 
the concentration of an excessive annual rainfall into a short period, vnth all the con- 
ditions favorable for the absorption and retention of the moisture in the ground. For 
this reason, conditions favontd the production of debacles of various kinds in the loose 
material covering slopes. 

The earth-flows that have been discust are more or less similar to the flows occasioned 
by the bursting of peat-bogs. The causes of their ori^n and their nature appear to be 
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much the same.' Sir William Conway has given an account of a mud-avalanche,* 
a swift torrent of mud, water, and great rocks, in the Himalayas, somewhat similar in 
nature to these earth-flows. Streams and torrents of mud somewhat analogous but 
usually of glacial or lacustrine origin have been known to flow in the Alps. Mention of 
these has been made by T. G. Bonney.* 

Elarth-flows are important as ^ving rise to new drainage lines and modifying old ones. 
They arc also powerful transporting agents. The initiation of a new drainage line is 
a matter of importance. Once started, it is a point of vantage for the attacks of agents 
of erosion, which thereupon arc able to increase their work at an accelerating rate of 
speed. Only next in importance is the definition and fixing of embryonic depressions 
and gullies. Both these processes arc carried out vigorously by these earth-flows, 
besides other processes such as the enlargement of valleys and channels already formed, 
the transportation of material, the destruction of the regularity of contours, and the 
transformation of surface rock material into a form easily removable otherwise, thus 
in every case supplying better leverage for further destructive action. 

Earth-flows usually originate in minor depressions or in already well-formed gullies or 
valleys, these being the places most subject to the concentration of water ; but in some 
instances they occur on the convex face of a slope, where the removal of soil develops 
a depression for the first time, and a new drainage line is made possible. The soft 
debris that is removed, although piled higher than the surrounding slope, lends itself 
easily to the formation of rivulets by the water that rises and collects in the excavation 
that is left. These small water-coiu^cs, once formed, control the line of flowage, and 
result in a sort of supcrimposctl drainage when they have worn through the d6bris to 
the original slope below, hlarth-flows of the above varieties, large and small, with the 
closely related types of earth-slumps, arc thus among the important initial steps in the 
development of drainage lines in the California hills. 

EARTH-LUECIIBS. 

Of the three kinds of landslides thus far referred to, the first two, earth-avalanches 
and earth-slumps, occur quite commonly independent of earthquakes. Of the third 
kind, or earth-flows, the only examples that have been presented are immediately con- 
nected in genesis with the earthquake of April 18, although it is conceded that sudden 
accessions of water to loose earth might arise in other ways and occasion earth-flows. 
As regards the fomth type, the earth-lurch, it is difficult to conceive for it any other 
origin than an earthquake, since it is caused directly by the horizontal jerk of the ground 
and can not be produced in any other way. In the detailed account of the distribution 
of apparent intensity, a brief account of these superficial movements of the ground has 
been given and need not here be repeated. They are best ex<!mplified on the flood 
plain of the Eel River, west and north of Femdale; the flood [dain of the Russian River; 
the flood plain of Alameda Creek, near Alvarado; the flood plain of Coyote River near 
Milpitas; the flood plain of Pajaro River; and the flood plain of the Salinas River. 
(Plates 136a, b and 137a, b.) In all these localities cracks were formed in the alluvium, 
generally parallel to the stream trench, and the ground between the cracks was caused 
to lurch horizontally toward the stream, usually with a rotation of the moved mass, 
which gave to it the profile of a Basin Range fault-block in miniature, the portion of 
the moved strip farther from the stream collapsing into the vacuity caused by the 
lurching. 


‘ G. A. J. Cole, Nature, Jan. 14, 1897, vol. 65, pp. 254-266. G. H. Kinahan, Nature, Jan. 21, 1897, 
vol. 56, pp. 268-269. 

* W. M. Conway, Climbing in the Himalayna. New York, 1894, pp. 118, 129-130, 323-324. 

' T. G. Bonney, Moraines and Mud Streams in the Alps. Geol. Msg., January, 1902, p. 8. 
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Along the beach or sand-spit which separates the Salinas River from the Bay of 
Monterey at Moss Landing, there was a marked lurching of the spit toward the trench 
of the river as illustrated in plates 134a, b and 135a, b. 

Lurching of soft groimd was also exemplified on the tidal mud fiats of Tomales Bay, 
and on the “made land” of San Francisco; but there being no trench in these cases, 
the movement caused a ridging of the surface with compensating depressions. In the 
case of the made land in San Francisco, and perhaps generally, the deformation of the 
surface due to lurching was complicated by the settling together of the loose material. 

CRACKS AND FISSURKS. 

The cracks in the ground which appeared at the time of the earthquake fall into 
different categories. Of these there are two distinct classes: 

1. The crack or fissure of the main fault, which is a superficial expression of the deep 
rupture of the earth’s crust that caused the earthquake. Associated with this as a sub- 
cl^ are the auxiliary cracks and fissures which are superficial expressions of branch 
ruptures or subparallel ruptures, generally close to the main rupture in the Rift zone. 
In this class would also belong any cracks due to supplementary faulting in the general 
zone of disturbance, if such supplementary faulting exists, which is doubtful except in 
special instances. 

2. The second general class includes those cracks and fissures which were caused by 
the earthquake, as a result of the commotion of the ground, and have, therefore, been 
designated as secondary. 

The main crack, or fault-trace, and the auxiliary cracks satellitic to it, have been 
described in the section of the report dealing with the earth movement along the fault. 

The secondary cracks, inasmuch as they are an indication of the intensity of the shock 
at any locality, have been described or referred to in the section dealing with the dis- 
tribution of intensity. A brief review of the phenomena of cracks in the ground, apart 
from the main fault-trace and the auxiliary cracks in the Rift zone, will, however, be 
given, even at the risk of some slight repetition. 

Since some of the cracks to be referred to can not with certainty be placed in one or 
the other of the two fundamental classes above indicated, it will be found convenient 
not to force that classification in all cases. Along the zone of the Rift there were many 
. secondary cracks, as well as those classed as auxiliary; but it was not in every case 
possible to discriminate between them. These secondary cracks occurred both on hill 
slopes and in alluvial bottoms. On the hill slopes they were very commonly associated 
with landslides, or marked the inception of landslides; and these have already been 
discust. On the bottom lands of streams or embayments in the Rift zone, cracks in the 
ground were exceedingly eommon for the entire length of that portion of the Rift along 
which the fault extended. In very many cases these cracks were associated with the 
lurching of soft incoherent materials, just as the cracks on the hillsides were associated 
with more common phases of landsliding. There were also, however, many cracks 
quite dissociated from the deformation of the surface due to lurching, although there 
was doubtless in these cases an ineffective tendency to lurching. 

Beyond the zone of the Rift, cracks were observed at many localities. These were 
most common on the bottom-lands of the streams, notably the Eel River (plate 138a, b), 
the Russian River (plate 139a, b). Coyote Creek (plate 140a, b), and other streams at 
the south end of the Bay of San Francisco, Pajaro River (plate 141b), San Lorenzo River, 
and the Salinas River. Many other smaller streams might also be mentioned. In 
these cases the cracks were usually associated with the phenomena of lurching of the 
alluvial deposits, though many cracks also occurred where no such association was ap- 
parent. They were in nearly all cases found to be parallel or sub-parallel to the nearest 
8d 
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portion of the stream trench. They very commonly extended for several hundred feet, 
in some instances for several hundred yards, and were characteristically arranged in 
linear series. The cracks in the series in some cases overlapt en icheUm, and in others 
they were in groups of parallel cracks in belts a few hundred feet wide. In no case was 
there any suggestion that they were more than purely superficial phenomena. A unique 
manifestation of surface cracks is that described by Matthes and Crandall in the vicinity 
of Livermore. (See plate 141a.) 

On the hillsides and ridge crests, at points not within the Rift zone, cracks were of 
common occurrence. Most of these were connected with landslides, as has been indicated 
in the .section dealing with that subject. Roadways and artificial embankments were 
particularly susceptible to damage from such craclb. But some of the cracks had no 
apparent connection with landslides, actual or incipient, and these are of especial 
interest. The most northerly are those described by Mr. E. S. Larsen in the region north- 
west of Covelo, Mendocino County, as set forth in the record of intensity. Some of the 
cracks described by Mr. Larsen crost the crests of rocky ridges; and altho it was not 
possible to follow them for great distances, they evidently extend down into the rock. 
It is remarkable that in the district where these cracks occur, there was no evidence 
of a local rise in intensity and, therefore, nothing to suggest that they were the seat of 
a supplementary local earthquake. The probable interpretation of the occurrence is 
that they are secondary cracks of a rather exceptional kind, in ground that required 
no very severe .shaking to rupture it superficially. Cracks of a similar character were 
noted by Mr. C. E. Weaver in the Clear Lake district and on the flanks of Mount 
rit. Helena. 

On the San Francisco Peninsula, similar cracks were observed by Mr. R. Crandall on 
Cahill Ridge and Sawyer’s Ridge, and are described by him in his account of the dis- 
tribution of intensity in that region. In the Santa Cruz Mountains, such cracks were 
common and arq described more or less in detail in the section on the distribution of 
intensity. In general they appear to be the result of the earthquake rather than a con- 
tributory cause, although in some cases it is quite possible that they may have been local 
ruptures of the nature of auxiliary cracks and so gave rise to .subordinate vibration. 


EFFECT OF THE EARTHQUAKE UPON UNDERGROUND WATERS. 

SIGNIFICANCE OF THE PHENOMENA. 

Perhaps the most interesting and significant fact which the study of the earthquake 
has brought to light, apart from the great fault along the Rift, was the general disturbance 
of underground waters. In earthquakes generally, the phenomena which appear at the 
surface of the earth have become well known and, indeed, almost commonplace in recent 
years; but what transpires in the earth’s crust below the surface, as the earth-waves 
generated at the seat of disturbance pass through it, is as yet a matter of uncertainty 
and inejuiry. The effect of the shock upon the movement of underground water, as 
manifested by the behavior of springs and wells, throws light on this question. A few 
pages are, therefore, devoted to recording information of this kind. 

It appears from the reports that have come in that springs and wells were very gener- 
ally and variably affected throughout the disturbed area, indicating a sudden derange- 
ment in the normal movements of such water. This derangement could only have 
been effected by the changes in spaces in the rocks in which the waters in the subsur- 
face region are contained, whether flowing or stagnant. These spaces are of 4 general 
kinds: (1) interstitial spaces, or so-called voids, between the constituent fragments of 
imperfectly compacted rocks, such as sands, gravels, sandstones, conglomerates, tuffs. 
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etc. ; (2) the cracks and fissures which traverse the more fimily compacted forms of the 
same rocks, or others, such as granite, lava, etc., which occur only in a solid or coherent 
condition; (3) the vesicular spaces and tunnels of lavas, and (4) the spaces of dissolution 
which occur frequently in relatively soluble rocks, notably limestone. The occurrence 
of water which does not permeate the rocks nor flow thru them, but is contained in 
small discrete cavities in rocks, such as the li(iuid inclusions in igneous rocks and in the 
constituent • minerals of sedimentary rocks, is here ignored. Thruout the Cua.st 
Ranges of California, limestones are not abundant and spaces of dissolution are believed 
to have played no part in the changes which were manifested in the behavior of springs 
and wells. The same rcimark holds with reference to vesicular and tunneled lavas. 
These changes were thus confined to the voids of porous and usually little coherent rocks 
and to cracks and fissures which traversed the coherent rocks, whether porous or not. 

In the discussion of certain earth-flows in the preceding section of this report, the 
initiation of which is ascribed to a sudden acce.ssion of water from the underlying for- 
mations, attention has been already directed to an extreme phase of the disturbance of 
the nonnal conditions of the ground-water. In those cases the ground-water was sud- 
denly expelled or squeezed out of saturated, incoherent formations at the time of the 
shock. They arc extreme manifestations of a tendency which affected the ground 
water generally thruout the disturbed region. In this connection, it may be well 
to direct attention mor(! particularly than has hitherto been done to the bcdiavior of 
water contained in the alluvium of the river-bottoms. One of the most common phe- 
nomena in such situations was tlu; expulsion of water in jets from apertures which sud- 
denly appeared in the flat-lying ground. The water was usually thrown into the air for 
several feet; in some ca.ses it was report(!d to be as much as 20 feet, and the ejection 
continued for several minutes after the earthquake. The continuance of the ejection 
aft(!r the shock indicates that an elastic stress had been generated in the saturated ground, 
which thus found reli(!f in the expulsion of the coutaiiuMl water or that there was a 
gravitational settling together of the material, which diminished the spaces occupied 
by water. Th(! vents thus established were very numerous, and wen; in many instances 
clo8(;ly s))aced; more frequently a few to the acre, and occasionally Lsolateil. These 
vents were easily recognizable for weeks and even months aftisr the earthcpiake, in the 
form of craterlets. The water in its passage to the surface brought up considerable 
quantities of fine sand, which, from its prevailingly light bluish-gray color, was evi- 
dently derived from considerable depth. On the flood plain of the Salinas River, the 
sand was n'cognized by the people of the neighborhood to Iw the same as that of a 
stratum of sand pierced by wells at a depth of 80 fcjot. The craters were asually dis- 
tinctly funnel-shaped and were rimmed by a circular flat ridge of sand which, by 
reason of its light color, was in marked contrast to the surrounding surface. Tluiy 
varied in dianuiter from 1 to perhaps 10 feet. In some instances the funnels were 
several feet deej) ; in others the fc(!blc action in the closing stages of the eruption had 
caasod th(‘m to fill uj) with sand. They w(!re <iuite analogous to the craterlets described 
and pictured in Dutton’s account of the Charleston earthquake.' (Sec plates 142a, n 
and 143a, b.) 

These craterlets occurred on practically all the saturated alluvial bottoms of the 
streams within th(! zone of destructive effects, and also on the tidal mud flats of Tonialcs 
Bay. They arc significant of the compression to which such water-laden, incoherent 
formations were subjected by the passage of the earth-waves at the time of th(! earth- 
quake or by the consequent settling of the ground. They thus afford us, in part at 
least, a key to the behavior of many springs and wells. Moat of the springs of the 
Coast Ranges are in solid rock, though they may emerge on a hillside mantled with rego- 

‘ U. S. Geological Survey, 9th Ann. Report, pp. 296-298. 
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lith and soil. Such springs, as a general rule, had their flow increased at the time of 
the earthquake. The tendency to compression in firm rocks woidd not be so effective 
as in the case of noncoherent sediments, but it would make itself manifest in the gen- 
eration of an diastic stress which would die out and merge with the normal gravitative 
stress very gradually. There would also be an effective tendency to bring together the 
walls of cracks and fissures whose planes lay transverse to the path of propagation of 
the compressive wave. Both of these tendencies would make for an expulsion of the 
water. The expulsion could not, in most cases, be effected suddenly, however, owing 
to the great frictional resistance; and simply resulted in an increased flow of the 
springs at the surface, which would continue during the life of the abnormal elastic 
stress. The duration of this stress appears in some cases to have lasted but a few days ; 
in other cases it continued for 2 months, as inferred from the abnormally large flow of 
the springs. This variation would depend on local conditions, such as the superficial or 
deep source of the water, the character of the rocks, the degree to which it was seamed 
with cracks, etc. 

This same general explanation would apply to artesian wells, in which the water 
acquired and maintained an increased head for some time. In some such wells, where 
the water stood normally at some little distance below the surface, it overflowed and 
flooded the ground in some instances. In other cases, where the supply was not arte- 
sian, but shallow wells reached the ground-water, the level of the latter rose. This 
general tendency was complicated in some instances by other effects of the earthquake. 
Several surface wells had their level lowered, and others went dry. This sudden drop 
in the level of the ground-water can be explained only by a sudden draining off of the 
undergroimd waters to lower levels, and this might be effected by the opening up of 
the ground superficially, in consequence of the shock. A similar explanation would 
apply to the few springs which had their flow diminished or cut off altogether. This 
draining off of the waters of higher levels would also augment the flow of springs and 
wells at lower levels and may in some cases have been the principal ca\ise of observed 
increases of flow. The noteworthy case of the spring near Ukiah, described below, 
which ceased flowing and remained dry thruout the following summer and fall, but 
resumed its flow with the advent of the winter rains, suggests that the fissure in the 
rock from which the spring welled served as the limb of a siphon and that the water in 
the siphon was driuned off in consequence of the agitation and opening of the ground 
at the time of the shock. The winter rains refilled the siphon limb and so brought 
about a resumption of the flow. 

One of the most common reports regarding the shallower wells was the roiling of the 
water by the admixture of earthy matter, doubtless due to the agitation of the ground 
and the loosening up of the incoherent material at the bottom of the wells. 

RKCORD OF SPRINGS AND WELXS AFFECTED. 

A brief and partial record of springs and wells affected by the earthquake follows : 

MorUfigtte, Siskiyou County (C. H. Chambers). — A sulfur spring was formed at a point 
2 miles south of the town of Montague. Hot water ran from it for 2 days, after which 
it cooled off. A soda spring 9 miles east of the town doubled its flow. The water of 
many springs was muddy for several days after the quake. 

Denny, Trinity County (P. L. Young). — At a small quartz mine near Denny the shock 
doubled the amount of water flowing from the tunnel. 

Peanut, Trinity County (Mrs. E. Dillcr). — There was an increase in the water in the 
ditch which comes from a small gulch. The increased flow had not diminished up to 
May 6, 1906. 
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Bricdand, Humbddt County (J. W. Bowden). — The pressure on the flow of natural 
gas was doubled in the vicinity. 

Covdo, Mendocino County (E. S. Larsen). — Some springs and wells in the vicinity 
went dry, while others flowed more freely. 

Laytonville, Mendocino County (A. S. Eakle). — A sulfur spring had its volume of 
water increased at least threefold by the shock, according to report. 

Mendocino, Mendocino County (0. H. Ritter). — Wells in the lower part of town 
became full to overflowing and a heavy seepage of water was observed in the yard of 
the Alhambra Hotel. 

(W. Mullen.) — The flow of a number of springs was increased. 

Ukiah, Mendocino County (S. D. Townley). — The water in the well at the Observa- 
tory was very noticeably roiled for several days after the shock. The Ukiah press for 
April 27 reports some very marked changes in the flow of springs near Ukiah. A spring 
near the E. Clemens Horst Company’s ranch, which supplied water for domestic and 
ranch purposes, stopt flowing after the earthquake. The ranch is about 2 miles north 
of Ukiah and a little west of the center of the valley, and the spring is in the foot-hills 
on the edge of the valley, nearly a mile to the west of the ranch. Pipes connected the 
spring with 2 tanks on the ranch, the spring having supplied the ranch with water for 
a great many years. The foreman, John Eldred, states that the day after the earth- 
quake it was noticed that no water was flowing into the tanks from the spring. Inves- 
tigation showed that the spring, which comes out of rock, was absolutely dry. Mr. 
Eldred and his men worked for two or three weeks, digging, drilling, and blasting, in 
the effort to regain a supply of water; but these efforts were futile and were finally 
abandoned. A well 75 feet deep was dug on the ranch and a wind-mill erected. Eldred 
went to the site of the spring several times during the summer and early fall, but there 
was no water. Upon going to the place in the early part of the winter, after the rains 
had begun, it was found that the spring was again flowing with a largely increased volume 
of water. He estimated that the flow was about doubled. The spring was still flowing 
with the increased volume on March 15, 1907. 

Hemlock, Mendocino County (C. D. C. Bowen). — Some springs flowed more abun- 
dantly after the shock. 

Lake County (C. E. Weaver). — At Highland Spring, in Lake County, none of the 
springs dried up, but one new soda spring was formed in the Franciscan rocks. The 
mineral springs in all parts of the county are reported to have increased in flow and 
number. The artesian wells in Scott’s Valley, west of Lakeport, have diminished in 
flow, and several have stopt flowing. Many wells have dried up, but this was not con- 
fined to any particular locality or part of the county. The shock apparently had no 
effect upon the waters of the northern part of Clear Lake, nor upon the springs in that 
part of the district. 

Lakeport, Lake County (J. Overholser). — The flow of many springs increased on 
account of the earthquake, while the flow of artesian wells decreased. 

Annapolis, Sonoma County (G. W. Fiscus). — Wells and springs have gone dry in 
places, and water has come to the surface where there was none before. 

Sdtastopol, Sonoma County (R. M. Hathaway). — The wells in this vicinity were all 
stirred up, the water becoming filled with sediment, as tho a heavy rain had washt in 
surface water. A small brook a little to the left of a fissure in the soil on the Blundon 
place had its flow of water so increased that the owner of the place had his attention 
called to it by the roaring of the water. 

Santa Rosa to Sonoma, Sonoma County (E. S. Larsen). — At the city pumping station, 
1.5 miles east of Santa Rosa, there are 4 wells, dug 50 feet and connected with a tunnel 
450 feet long. Within each well there is a bored well 8 inches in diameter and 108 feet 
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deeper than the dug well. The water began to rise immediately after the shock, and is 
15 feet higher than before, altho the pumps have been run to their full capacity. 

The warm spring at Peters’ ranch was little affected, except that for a day or so after 
the shock the water in the spring was lower. At Conrad ranch, northwest of Melita, 
there are numerous warm springs, about 100°*, all along the base of a hill, which have 
had their flow increased very much. Mr. Striddlc thinks that there is ten times as much 
water as before, and that it is a little warmer. He also tells me that the flow is gradually 
decreasing again. The springs at Melita, along the north side of the hill, have behaved 
much like those at Conrad’s. I am told the creek about 2 miles to the north has risen 
considerably since the shock. 

A mile north of Kenwood there is a well which was dried up about a year ago by an 
earthquake, and had to be dug deeper. This shock did not seem to affect it. 

Glen Ellen Springs continue to be changed, usually increasing their flow, tho a few 
springs went dry. At McEwan’s Ranch, 3 miles west, both cold and hot springs are 
flowing much more water. At the State Home at Eldridge, a warm spring started about 
0.75 mile east of the town. Hot springs at Agua Caliente have nearly trebled their flow, 
and the temperature has risen from 112^* to 114°. A spring which required pumping 
before now flows. 

Boyes Hot Spring has increased a little and now flows without pumping. The tem- 
perature has also increased a little. Several years ago an earthquake stopt the flow, so 
that pumping has been required until this last shock. At Sonoma the wells and springs 
supplying the city are flowing more than before. 

Veterans’ Home, Napa County (A. Brown)/ — The earthquake caused the springs to 
flow more fully for about 2 months, after which they returned to normal. 

Napa, Napa County (T. Hull). — In many cases springs increased their flow. 

ReMing, Shasta County (L. F. Bassett). — Some springs have been reported to have 
increased their flow and to have a lower temperature. 

McCloud River, Shasta County {Chico Enterprise). — Springs in tho limestone belt 
above Baird, which were formerly cold and clear, became warm and milky. 

Allegheny, Sierra County (W. A. Clayton). — The earthquake changed the flow of 
water in mines and springs. 

Suisun, Solano County (E. Dinkelspiel). — Mr. Miller’s gas well, 3 miles northwest of 
Suisun, gave threefold greater volume of gas for 2 weeks before the earthquake than it 
did afterward. 

Martinez, Contra Costa County (R. Wulzen). — Alhambra Creek is said to have risen 
2 feet after the earthquake. A small stream to the east of the town, which is usually 
dry by May 1, now has considerable water. The same is reported of another stream 
south of town. A well in the vicinity, in which th<; water has always been sevcsral feet 
below the surface, is reported to l)e filled almost to the surface. 

Stockton, San Joaquin County (R. Crandall). — An old disused gas well at the City and 
County Jail had a flow of water started in it by the earthquake. This flow continued 
for about two weeks, after which time it began to diminish. In a gas well, at the City 
and County Hospital, both the gas and water flow had been doubled and had continued 
so up to the time of my visit. 

Ripen, San Joaquin County (T. H. Wren). — I have 18 acres of alfalfa land, which 
watered with an inch less water over the head-gate in 1905, in 17 to 20 hours. This 
year it took 25 hours to water 13 acres, all conditions being the same as last year except 
that the land was more packed and should have watered quicker. Others have made 
the same observation. 

Sund, Alameda County (R. Crandall). — The level of the ground-water around Sunol 
was affected considerably. In most of the wells the water rose, some overflowing for 
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a short time. The postmaster gave 4.5 feet as the mcasvircd rise of the water iu his well. 
The spring which furnishes the town supply is said to have been diminished by one- 
fourth of its flow. Two other changes in water supply were reported: one being tlie 
starting of a new spring near one of the western Pacific camps in Niles Canyon; the other 
the rejuvenation of an old sulfur spring near Sunol, which had not flowed fur many years. 

Calaveras VaUey, Santa Clara County (G. F. Zoffman). — The springs near Mr. llolwrt 
Inglcson’s house, in section 22 on the ridge east of Calaveras Valley, lx‘.camc muddy 
after the shock and remained so for two or three days. The volume of water discharged 
by the springs increased to about four times the usual amount. 

Alvarado (E. W. Burr). — At the Alvaratlo Sugar Mill, in several wells, formerly flowing 
artesian wells, tluj water-table is now a few feet below the surface, the water-level having 
risen at the time of the earthquake. In the accompanying table arc given the heights 
of water in a number of wells about the mill, referred to an assumed level 30 feet above 
an assumed base. These w<ills were observesd daily l)efore and after the carth(|uakc. In 
most of them the water suddenly rose. The readings show that in a few cases the water 
rose from 1 to 2 feet. A well which used to In; considered nearly dry began showing daily 
fluctuations, overflowing nearly every morning for some weeks after the earthquake. 

The figures here given are for measurements made on April 9 and 14, preceding the 
earthquake of April 18, 1906, and the measurements made on April 21 and 28 of the 
same month, and May 5 subsequent thereto.* 


Heights of water referred to an assumed level 30 feet above assumed base. 


No. of 
Well. 

Approx. 
Depth (feet). 

April 0. 

April 14. 

April 21. 

April 28. 

May 5. 

1 

470 

22.89 

24.81 

26.14 

26.31 

26.56 

2 

312 

26.64 

26.81 

2&I4 

26.48* 

28.23 

3 

318 

26.22 

25.47 

28.05 

27.97 

27.30 

4 

402 

26.62 

26.87 

28.37 

28.20 

28.28 

5 

405 

26.67 

28.17 

28.34 

28.25 

28.42 

6 

402 

26.70 

28.28 

28.37 

28.03 

28.45 

7 

399 

26.79 

26.87 

28.45 

28.04 

28.45 

8 

45 

26.79 

26.87 

28.45 

28.04 

28.45 

9 

544 

25.36 

25.36 

26.69 

26.94 

27.19 


* No. 2, April 28. House pump was taking water fnim this well when measurement was taken. 

San Francisco renimvla (R. Anderson). — Thruout the central portion of the San 
Francisco Peninsula, the chief geological effects, aside from the actual displacement along 
the fault and the slumping and settling of alluvial ground, were the incri^asc'd circulation 
of water and its dischiirge at the surface. The normal flow of water from springs was 
much disturbed. T\u', water was usually muddy or milky. It is reported to have flowcui 
salty from one spring for 2 days after the earthquake; after this it returned to its usual 
purity. Streams were considerably swollen temporarily, and water frcfiuently came 
to the surface where it had not made its app(^aranc(5 before. 

(R. Crandall.) — At Mr. EbrighCs place, at the lower end of the lake in Pilarcitos Can- 
yon, the spring wat(^r used for house supply is said to have been milky white the day 
of the earthquake. At Byrnt^s store, on the Half Moon Bay road, 0.5 mile west of 
Crystal Springs Lak(^, it was rej)ortcd by the keeper that the water from their spring on 
the day of the shock was muddy and was not tasted ; on the second day it had a very 
salty taste, and on the third day was again normal. 

Santa Clara Valley (J. C. Branner). — At Menlo Park, a mile nearer Fairoaks Station, 
an artesian w(dl flowed faster after the shock. At the Seale place, on the EmbarcadcTo 

^ Since the wells in this district fluctuate in level with the rise and fall of the tide in the bay, a cor- 
rection would have to be made for this influence before the effect of the earthquake upon the under- 
ground water could be inferred from the figures given in the table. If the hour at which the level of the 
water in the wells was measured is known, the correction may be ascertained and applied at any time. 

A. C. L. 
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road, from the railway crossing at Palo Alto toward the Bay of San Francisco, a well 
was reopened. Other wells showed an increased flow and brought up sand. At Guth 
Landing, and southward along the road into Mountain View, the flow from bored wells 
had increased. A wind-mill which had for years pumped water from a well was no longer 
necessary, but the artesian water was muddy. At the Ynigo Ranch, 3 miles northeast 
of Mountun View Station, there was an artesian well which had, before the shock, flowed 
slightly or not at all, and a wind-mill was used to raise the water. After the shock it 
was found that the casing had been shoved up 2 feet, damaging the pump. The flow 
of water was increased, and black sand was brought up. Another well at this ranch 
was unaffected. Along the Jagel Landing road, 2 artesian wells had increased pressure 
after the shock. An old artesian well filled with stones had begun to flow for the first 
time in several years. 

(H. H. Taylor.) — The water in an artesian well 215 feet in depth, near Millbrae, was 
roiled by the earthquake and remained so for several days. 

San Jose, Santa Clara County (G. F. Zoffman). — Water and mud are reported to 
have spurted from many artesian wells. 

(W. S. Prosser.) — A well near San Jose was reported as having inereased in flow the 
day before the earthquake. 

Gilroy, Santa Clara County (M. Connell). — It is reported on good authority that at 
Gilroy Hot Springs the temperature of the water rose nearly 10“ and the flow increased 
to 5 times the usual volume. 

Bellvale, San Mateo County (Miss L. E. Bell). — Some springs dried up and others 
broke out with a great gush of water, where no water had flowed before. An oil well 
from which tepid salt water, oil, and gas had been flowing since 1898 became suddenly 
dry and a similar flow began in another well 2,000 feet deep, at a distance of 600 feet 
to the east of the first well, where before nothing had been found. 

Wright, Santa Cruz County (Miss F. Beecher). — Most of the springs are running with 
a greater flow since the earthquake; but the water in our well on top of the ridge 
sank rapidly to the level it usually holds in Augxist. The water in all wells was very 
roily for some days. 

Summit Hotel, near Wright, Santa Cruz County (H. R. Johnson). — The well at the 
summit, from which the Summit Hotel obtains its water, has its bottom on solid rock. 
After the shock the level of the water in the well rose 12 feet. 

Boulder, Santa Cruz County (J. C. Branncr). — At a sawmill near Boulder Creek, 
water stopt running from a hitherto pennanent spring, but another in the neighborhood 
was flowing more freely than before. 

Felton, Santa Cruz County (Miss F. Locke). — All the springs on the property of 
Miss S. Anderson, a mile cast of Felton, greatly increased in flow. 

Soquel, Santa Cruz County (W. E. Wheaton). — I have a drilled or bored well, yield- 
ing a magnificent flow of clear water. From three to four weeks previous to the earth- 
quake this 75-foot well began to show signs of agitation below the surface. Every few 
days water heavily mixed with sand and ground chalk rock was pumped up. I knew 
that something was going wrong down under the earth, owing to the action of this well. 
When the quake came, it drove both fine and coarse sand into the casing, which put the 
well out of commission entirely. 

Chittenden, Santa Cruz County (G. A. Waring). — Near Chittenden a marked increase 
was noted in the flow of oil and water, and more gas and sulfur appeared. In the neigh- 
borhood of Santa Ana Peak, the flow of springs was increased. 

Prunedate, Monterey County (H. H. McIntyre). — Water started in many places where 
there had been little or none before the earthquake. 
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Salinas, Monterey County (G. A. Daugherty). — In many places water came up thru 
open fissures; in one place about 8 miles from Salinas, the water covered about 80 acres 
of land. 

(B. M. Abbott.) — Water spouted from holes in the ground to a considerable height, 
and flooded the fields. 

San Ardo, Monterey County (G. A. Waring). — At San Ardo, quicksand was thrown 
up in a well, seeming to lessen the flow considerably. 

Paraiso, Monterey County (A. S. Eakle). — At Paraiso Springs, the quake affected 
the underground waters. According to the owner,'Mrs. Romie, the supply of water 
from the springs had been diminishing for some time, and the temperature had been 
decreasing. Immediately after the shock it became necessary to put in a large pipe to 
carry off the water, and the temperature has resumed its normal state. 

Lonoak, Monterey County (J. Hist). — The earthquake caused springs to flow more; 
and the water rose in some wells. 

San Benito Valley to San Joaquin Valley (G. F. Zoffman). — In some places about 
5 miles northwest of Bell’s Station, on the Pacheco Pass road, springs were reported to 
be flowing 2 or 3 times as much water as they had previous to April 18. At a ranch- 
house 7 miles from the pass, on the east side of Pacheco Pass, the increase in the flow of 
water from springs in the neighborhood was said to have been noticeable. Springs 
were reported to have opened up considerably thruout the region around Emmet P. O. 

Stone Canyon, Monterey County (G. F. Zoffman). — In the neighborhood of Stone 
Canyon Coal Mine, the people claimed that there was a sudden rise of the water of the 
wells immediately after the earthquake. 

Dudley, King’s County (0. D. Barton). — The gas spring on sec. 22, township 25 S., 
Range 18 E. was started into great activity by the earthquake. Formerly there were 
7 places where gas could be seen occasionally blowing off through a shallow pool of water. 
Now there are more than 50 places where gas blows off continuously. The quantity 
of water was greatly increased. Beneath these gas springs the ground is dry and hot. 

Bakersfield, Kem County (A. G. Grant). — Artesian wells 30 miles north of Bakers- 
field were rendered muddy by the earthquake. 

Cold, Madera County (T. J. Rhodes). — Several springs increased about one-third 
to one-half in volume. 

Steamboat Springs, Nevada (J. A. Reid). — At these springs the water is constantly 
boiling. For about 3 days after the earthquake, the volume was considerably increased, 
and the water became noticeably turbid with mud. On the north end of the highest 
sinter terrace, where heretofore the waters had been invariably clear, considerable 
quantities of mud were discharged. This material is now lying dry on the white sur- 
face of the sinter and is gradually being blown away. At the extreme north end of the 
active springs, where several mud springs have always existed, the change was noticed 
in the increased activity. One in particular formed a low cone of dark-colored mud, 
which is now dried and cracked. 



RECOIU) OF AFTER-SHOCKS. 


The list of after-shocks given below has been compiled by A. 0, Leuschiuir from 
all reports that hav(! come to hand. These reports include not only communications 
in answer to the tlmic circulars sent out, but also other reports by interested observers. 
In addition many shocks in the list were taken from the separate reports printed in this 
volume. For the; sake of completeness the shocks reported by Prof. Ak'x. McAdie in 
his monthly reports of the California Section of the Climatological Service of the Weather 
Bureau have also been included. A number of shocks have been inserted in the first 
proof from Prof. Alex. McAdic’s Catalogue of Earthquakes on the Pacnfic Coast 1897- 
1906.* It should be stated, however, that this list by no means represents a complete 
enumeration of all after-shocks felt in California since April 18. In general, it may be 
said that the list becomes increasingly incomplete with the lapse of time since the great 
earthquake. This is particularly due to the efforts made by somes of the newspapers 
to suppress all news regarding earthquakes in California. The list may be considered 
complete only for Berkeley, California, where several observers have endeavored to record 
every shock. As a rule the observer’s name is included in the last column, initials being 
used for observers who liave reported more than one shock. A key to the initials is 
given at the end of the list. The times are expressed in Pacific Standard Time. 


Record of aftershocks. 


Day. 

Beginning of 
■hook. 

Duration. 

Intensity. 

Locality. 

Remarks. 


h. m. ■. 

■ecB. 




Apr. 18, a.m. 

5 18 57.. .. 

6 

IV 

Berkeley 

S. A. 


5 19 

2 

III 

San Frsinciftco 

A. G. McA ; J G P. 


5 19 10.... 



do 

Ftjehle, A. rf MeA, 


5 21 

2 

111 

do 

Feeble, A. G. McA.: J. G P 


5 21 54.... 

3 

in 

Berkeley 

A. G. McA. 


5 22 


III 

Eureka 

N orthwest-ROU th f ‘ast f oil o wor 1 






by a side cross-motion. 






PfTsons in beds resting c'ast- 






west not awaken(»d, A. 11. B. 


5 25 54.... 

4 

ill 

B('rk(4ey 

S. A. 


5 26 



Sun Franoisro . . . 

A. (i Me A. i 


5 27 


111 

do 

J G P 


5 28 16.... 


: 11 

Berkeley 

S. A. 


5 28 19.... 

1 

1 

do 



5 30 


1 

Humboldt Lt. Stn. 



5 34 40.... 


1 

Berkeley 

S. A. 


6 35 01.... 

1 

! 11 

do 

S. A. 


5 37 39 


H 

do 

S. A, 


6 39 32 


1 11 

do 

S. A. 


6 43 

3 

1 IV 

San Fraueisro 

Feeble. A G McA * J G P 


5 43 50.... 

3 

III 

Berkeley 

Two separate jerks, S. A. 


6 48 



Phoenix (Ariz.) . . . 

Slight. Wet,t to east. 


5 59 13 


n 

do 

S. A. 


6 00 



San Mateo Point. . 


6 06 



San Francjisco .... 

Liight, N. E. 


6 10 36.... 

7 

111 

Berkeley 

2 max., one at 36 s., one at 






41s.,S. A. 


6 28 13.... 

•) 

II 

do 

S. A. 


^ Smithsonian Miscellaneous Collections, part of vol. XLIX. 
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Record of after-shoeke — Continued. 


D*y. 

Begin ning of 
shock. 

Duration. 

Intensity. 

locality. 

Remarks. 

Apr. 18, a. m- 

h. in 8. 

6 30 

(M'CS. 


San Francisco 

Light, N. E. 

6 30 + 


l-ll 

Ml. Hamilton 

R. G. A. 


6 4 ‘2 



San Francisco 

Light, N. E. 


6 44 11..., 

6 

11- 

Berkeley 

S. A. 


« 45 



Mt. Hamilton.. . .\ 

R. G. A. 


6 46 34.... 


II 

Mt. Hamilton 

K. B. 


6 50 


IV 

Scott's Valley 

F. L. 


6 52 


IV 

do 

F. L. 


6 56 




San Francisco Light. N. K. 
Slight shock about 7 a. in. 

F. L. 


7 00 



Cloverdale 


7 07 


IV 

Scott's Valley 


7 20 



Sausalito 



7 30 


IV 

Scott's Valley 

F. L. 


8 



Sacramento 

Slight shock soon after 8 a. m. 


8 02 

2 


Bonita Pt. Lt. St.. 

Nearly vertical; toward NW.; 






no tremor, just a jar ; 1 max. 
strongest at beginning; no 






clock stopt, no sound. 


8 07 



Yerba Butma 

Light. 

Smart 


8 10 



Mile liocks 


8 12 

1-2... 


Marc Island 

Slight shock. 


8 13 



Antioch 


8 14 14.... 

10 

IV-V 

Berkeley 

Was looking at watch when 





shock began, S. A. 


8 14 27.... 


IV-V 

do 

At Students' Observatory, A. 
O. L. 





8 14 28) 






to y 



San Francisco 

Sharp twisting motion, A. G. 
McA. 


8 14 33 1 




8 14 39.... 


11 

Mt. Hamilton 

A. M. H. 


8 14 45,... 

3 


Sacramento 



8 15 



Alcatraz 



8 15 

5 


Oakland 



8 15 



Yountville 

Severe. 


8 15 

1 

V 

Mile Hocks 

Strongest at middle, sound 
like cannon shot, following 
beginning 1 s. Sharp. 


8 15 

2 

V 

San Francisco 


8 18 

4 

111 

do 



8 19 



do 

N. K. 


8 19 20.... 

5 

V 

Oakland 

Northeast to h«nilhuesif ; 15 ad- 






[ ditioiial shocks by 1 p. in., 
duration 2-5 s., east to west, 
III-IV. 3 shocks between 1 
and 3 p.m. 5 shocks between 
Apr. 18, 3 p. in., and Apr. 19, 






6 a. in. 


8 20 


IV 

Scott's Valli*v 

do.. 

F. L. 


8 25 


IV 

F. L. 


8 30 


11 

Tuolumne 

About. 8*' 30'" H.in. 


8 30 


Stockton 

Vc*ry light. 

N. E. 


8 42 



San Francisco 


8 55 


IV 

Scott's Valley 

do • 

F. L. 


8 58 



IV 

F L. 


9 14 


San Francisco 

Sharp and short, A. G. McA. 

K. B.; A. M. 11. 


9 16 52.... 


III 

Mt. Hamilton 


9 17 


TV 

Scott's Valley 

do 

F. L. 


9 19 


IV 

F. L. 


9 20 

1-2 .. 

Marc Island 


9 22 

IV 

Scott's Valley 

San Francisco 



9 26 


Moderate, A. G. Mc.\. 

S. A. 


g 26 10 

2 

11 

Berkeley 


9 28 

2 

111 

San Francisc^o 


9 30 

20 


Southampton Shoal 

N.-S. Horizontal tremor 10 s. 





before, 1 sharp shock, rumb. 


9 30 



Mt. Hamilton 

One other between 6*' 45'" and 






8‘' 15"‘, R. G. A. 


9 32 

1 


Scott's Valley 

F. L. 


9 38 

180 


do 

F. L. 
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Record of after-ahoeke — Continued. 


Day. 

Beginning of 
■hook. 

Duration. 

Intoniity. 

Loeality. 

Remark!. 


h m. ■. 

Apr. 18, a. m. 9 40 ... . 

9 48.... 
9 48.... 
9 51 55. 

9 54 30. 

10 

10 

10 


10 04 39. 


10 05 

10 05 

10 05 47.... 

10 05 50.... 


10 06 29.... 


10 36 

10 50 

10 50 30.... 

11 

11 00 


11 06 

11 06 23.... 

11 06 27 + 2 

11 07 

11 08 

11 12 

11 15 

11 22 

11 36 00.... 


11 47.... 
11 53 34. 

11 53 37. 

Apr.l8,p.m. 12 03 

12 03.... 
12 03 43. 

12 03 44. 
12 03 52. 
12 04.... 
12 11 .... 

12 13 

12 25 


Scott’s Valley.. 

do 

San Francisco . 
Berkeley 


San Francisco . 

Lakeport 

Oakland 

Upper Lake . . , 


F. L. 

F. L. 

N. E. 

Ewing seismograph by R. T. C. 
and S. E. 


Slight (about 10. "). 

Not very perceptible, but stopt 
some clocks. 


(}lovcrdale 

San Francisco . 
Point Reyes... 


Farallones. 


Berkeley . 


San Francisco .... 
Scott’s Valley .... 


Southampton Shoal 


San Francisco . 

do 

do 

Scott’s Valley . 
S. F. Peninsula 


San Francisco . 
Berkel(*y 


do 

Antioch 

San Francisco 
Scott’s Valley 
Bonita Point . 
Scott’s Valley 
Ukiah 


Cloverdale... 
Upper Lake . 


San Francisco 
Mt. Hamilton. 

do 

Oakland 

San Francisco 
Berkeley 


do 

do 

San Francisco . 

do 

do 

Eureka 


Not very perceptible, but stopt 
some clocks. 

Increasing intensity with prin- 
cipal disturbance near mid- 
dle of series. No clock stopt, 
8. 1). T. 

Oscillatory motion east-west. 

N. E. 

Two distinct vibrations from 
north to south. 

FeltbyMr.Lcglerat Pt. Reyes, 
with whom 1 was talking 
over telephone at the time, 
about 3 8. before felt in 
Farallones. J. A. B^le. 

Ewing seismograph by R. T. C. 
and S. E. 

Slight tremor, followed in 
about 30 s. by hard shake 
of several seconds. Fully 
the fifth hard shake since 
5*^ 13»", F. L. 

West-east. Apparent direction 
east. Tremor 5 s. after first 
shock, no noise. 

Moderate, A. G. McA. 

F. L. 

Distinctly felt on ground and 
caused falling of loose parts 
of buildings. 

Moderate, A. G. McA. 

Ewing seismograph by R. T. C. 
and S. E. 

Students’ Observatory, A. O. L. 


lionger than usual, F. L. 
Nearly vertical. 

F. L. 

Southwest-northeast. No clock 
stopt, S. D. T. 

Oscillatory motion. 

Caused some clocks to stop; 
not all. 

Moderate, N. E. 

A. M. H. 

Vertical, K. B. 

Harbor Lt. St’n, Alameda Pier. 

Ewing seismograph by R. T. C. 
and S. E. 

Faculty Club, S. A. 

B. L. N. 

A. G. McA. 

Very light, A. G. McA. 

A. (i. McA. 

Slight and of short duration, 
A. H. B. 
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Record <tf afier--du>eke — Continued. 


Day. 

Beginning of 
shock. 

Duration. 

Intensity. 

Locality. 

Remark!. 


h. m. 1. 

sees. 




Apr.l8,p.in. 

12 31 


Ill 

Los Angeles 

F. L. 

1 02 



Scott's Valley 


1 66 

4 

II 

San Francisco 



1 67 



Scott's Valley .... 

F. L. 


2 



Wright's Stationv. 

Slight. Four miles south of 





Wright's Station. 


2 

15 

IV 

S. F. Peninsula . . . 

A little before 2 p. m. 


2 16 



Humboldt Lt. Stn. 


2 20 

6 


Southampton Shoal 

Vertical throw north-south 





tremor 20s. before; no noise. 


2 20 



Stockton 

Very light. 

F. L. 


2 20 



Scott's Valley 


2 22 

2 23 10.... 

2 24 

1-2... 

11 

Mare Island 

Mt. Hamilton 

Slight. 




San Francisco .... 

Very light, A. G. McA. 


2 24 37.... 



Berkeley 

Ewir^^sdsmograph, R. T. C. 


2 26 

4 

III 

San Francisco.... 



2 26 



KnliriAja 



2 25 



Lob Oatos 

I. H. S. 


2 25 



Oakland 

Alameda Pier. 


2 27 

1-2... 


Marc Island 

Slight. 


2 28 



San Francisco 

Veg 


2 28 36 


III 

Mt. Hamilton 


2 28 60.... 



Berkeley 

B. L. N. 


2 29 



Sacramento 

Very light. 


2 30 



Antioch .......... 


2 30 


IV 

Scott's Valley 

Extra hard, stopt clock hang- 
ing onw^l facing south, 20" 









pend. Stopt clock facing 

N W. by WNW., pend, about 






6", F. L. 


2 30 



4 miles south of 

Slight. 





Wright's Station 


2 30 


VI 

Ukiah. 

Stopt clocks (counted 36 
shocks up to April 30), S.D.T. 






2 30 

4 

III 

San Francisco .... 



2 30 


Salinas 



2 32 



Los Gatos 

I. H. S. 


2 35 

5 

III 

San Francisco .... 


2 35 


VI 

Ukiah 



2 35 


IIl-IV 

Scott's Valley. . . . . 

Extra hard, F. L. 


2 40 


Salinas 


2 43 



Scott's Valley 

do 

Lighter, F. L. 

Lighter, F. L. 

Little if any vertical move- 
ment. A muffled sound, like 


2 60 




3 


V 

Ix>s Gatos 






distant blasting heard in a 
mine, was noticed just pre- 
ceding minor shoc^ which 

followed, including that 
about 3 p. m., 1. H. S. 

Three shocks. 


4 26 

10 

IX-X 

Raleigh 


4 28 

16 

Ballast Point 

Vertical prop. SE. Increas- 
ing in intensity, strongest at 






middle. Clock stopt at 
4** 28"* 15* pend. 18", facing 
E. 


4 28 



Toinecula 


4 29 45.... 

20 

IV-V 

San Diego 

Northwest and southeast. 




Strongest apparently at be- 
ginning. Clock not stopt, but 
disturbed, losing about 1 m. : 
pend, about 26". No sound 










phenomena. 


4 30 



San Diego 

Heaviest in 16 years, north- 
east-southwest. 







4 30 


II 

Ramona 

A few seconds. 


4 30 


III 

San Bernardino... 

Southeast. | 
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Record of after-akocks — Continiirii. 


Day. 

Beffinnine of 
■hock. 

Duration. 

Intensity. 


h. in. 8. 

secs. 


Apr. 18,p.m. 

4 30 

4 .30 





4 30 




4 30 


IX 


4 30 

Few . . 


4 50 




4 .50 3H.... 

1 



4 51 

4 52 




6 02 12.... 

•I 

11 


6 03 04... 

6 12 

1 

IT 


(3 45 





6 50 




6 ,50 

5 



6 50 




0 51 

0 51 35-45. 

8 

IV 


6 51 58.... 

0 51 58.... 

6 52 


I-dl 

11 


6 53 




Sunset 




7 

1-2 . . 




7 




7 




7 01 




7 23 




7 25 




9 10 




9 43 




! 10 




1 10 38 




11 10 

i 



11 22 



Apr. 10, a. m. 

1 30 



3 

20 



3 07 00 




5 22 

« 07 

23 



6 25 10 \ .. 

3 

2-5 .. 

Ill 

II-III 


10 30 

27 

Apr. 19,p.m. 

12 31 (M).... 

12 31 41.... 

20-30.. 








liooaliiy. 


llemarks. 


San Juan Capistrano 
Hemet, Riverside. 

Yuma (Ariz.) 

Brawloy 


Ballast Point 


Oakland 

Berkeley 

San Francisco 

Y(Tba Buena 

Berk(‘ley 

do 

Yerba Biauiu 

Antioch 

San Francisco 

Southampton Shoal 


Oakland 

Borkelcjy 

do 

Mt. Hamilton 

do 

Saeramcnlo . 
Yerba Buena 
Ang(>l Island 
Mart! Island . 
Stockton 


Scott's Valltjy .... 

San Francisco 

Yerba Buena 

Scott's Valley 

do 

do 

Lakeport 

Scott's Vallt y 


do. 

do 


Slight. 

Shock increasing and dying 
away. 

9 or 10 distinct shocks, slight 
rolling from oast to west. 

Northwest-southeast chimneys 
fell to west. Movable ob- 
jects in bldgs., thrown west- 
east. Oscillation followed 
by tremors. Clock stopt at 
4** 30"', facing south. 

Nor th -so u t h . Horizon tal . Clock 
stopt 4** 30"', faring NW., 
pend. 17''. 

Alameda Pic»r. 

Two tremors within 1 s.,B.L.N. 

Very light, A. G. McA. 

Light. 

S. A. 

S. A. 

Light. 

Very light, A. G. McA. 

North-south. Horizon direc- 
tion south, two light shocks, 
rumbling following shock 2 s. 

Alameda Pier. 

Faculty Club, S. A. 

Slight tremors during interval, 
13. L. N. 

Vertical, K. B. 

Very light. 

Light. 

Strong, rumbling. 

Slight. 

Very light. Number of light 
shocks reported for several 
days, but hardly perceptible. 

Lighter, F. L. 

Very light, A. G. McA. 

Light. 

Lighter, F. L. 

Lighter, F, L. 

Lighter, trembling of house 
kept up for 2 m. or more,F.L. 

Light, about 10 o'clock. 

Sharf> shock, rather long. 
Tr(*mbling of house kcjpt up 
for 2 m. or more, F. L. 

Trembling of house kept up for 
2 m. or more, F. L. 

Light shock, F. L. 


Paisley, Oregon.. . 

Kureka 

San Francisco 

Fiureka 

Eurc'ka 

Borkelc'y 

Oakland 

Eureka 


Tr(‘mor. 

Slight, A. H. B. 

Light, A. G. McA. 

Slight and of short duration. 
Slight, A. H. B. 

Time is from memory, failed to 
record shock at time, S. A. 
Seven shocks between 6 a. m. 

and 2*' 15'" p. m. 

Slight, A. H. B. 


Los AngOf’s 

do..*.. 


Increased intensity, 1 max., 
strongest at middle. No 
sound. 
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Record of a fter-ahocks — Continued. 


Day. ^*^*hock* Duration. Intenaity. Locality. 


h. m. s. Bcra. 

Apr. 19, p. in. 12 311 



2 05 

3 4- I 

3 25 I 

8 15-8 30.. I 


10 45 

10 55 


II 10 30 


Apr, 20, a. m. I'J 30. 


12 30 53.... 


4 45 00. 

4 50.... 

5 

5 31 .... 

6 10 

7 

7 13.... 
7 15.... 

11 30.... 


Apr.20,p.m. I 12 33. 


Apr. 21, a. in. 3 

4 45 

0 28 

9 08 

1 35 


Apr. 22, a. m. 2 or 2 30 .. 

4 45 


1.08 Angc'loK . 


San Podro. 


1 San Francisco 


Reno, Nevada 

Salinas 

Ill Sacramento 

IV-V Hagen, Wadsworth, 

etc. I 


I S. F. Peninsula, 
i I.aun4 Glen 


Yerha Hu(*na 

Mile Rocks 

Eureka 

Southampton Shoal 


Eureka 

San Francisco . . . 

Napa 

I^aurel Glen 

San Francisco. . 

Mile Rocks 

do 

J.iaure] Glen 

San Francisco . . . 
Tuolumne 


Santa Monica. 


Ill I 


Laurel Glen | 

S. F. Peninsula ... ' 
do f 

I 

do 

Scott's Valley ■ 

do 1 

do I 

Mile Rocks ! 

Napa I 

Scott’s Valley ; 

San Francisco 

Scott’s Valley 

S. F. PeninKula . . . 

Marc Island i 

Scott’s Valley 

Mile Rocks 

Felton 

Scott’s Valley 


Two shocks abr)ut 6 m. apart 
folh)wed by slight tn‘mor8 
for about 1 h. 

Horizontal tremors 10 s. b<*- 
fore, increased intensity, 
strongest at (*nd. No sound. 

Sharp, main portion with twist, 
A. G. McA. 

Another shock lat(*r. 

S(‘enu»d to be north and south. 

On east slope of Virginia 
Range, Sierra Nevadas; 
north wc*st-sout heast. Durirg 
next 1.5 h. 3 more, G. D. L. 

Slight. 

Tremor with 2 sharp afti*r- 
shocks. 

Light. 

Slight sluK'k.s rluring da 3 ^ 

A. H.R. 

Vertical; dir(*ction upward. 
Tremor, 5 s. after; 2 sharp 
shocks, cracking sound co- 
incident.. 

Shock too light to be felt. It 
was detected by motion of 
bubbles of latitude levels. 
The oscillation was } or 1 
division (N. and S.) d — 1 .0^, 
S. D. T. 

South-north, slight. 

Tremor, A. G. McA. 

Short and sharp. 

j Moderate, A. G. Mc.A. 

; Moderate. 

: Vertical. Strongest at middle. 

' Short and sharp. 

1 Moderate, A. G. McA. 

I About 1 1'* 30'“ a.in. 

North-south. Time not aecu- 

I rat«'. 

; Light. 

I 

I Followed after 4 s. by another 

I brief motion. 

S(‘ries of genth» tremors. 

; Light but decided, F. L. 

1 Barely felt, F. L. 

I 

! Slight shocks during day. 

! W. H.M. 

' K. 

Strong, A. G. Mc.\. 

F. L. 

Shaking hous(‘s 7 s. and re- 
T)(>atcd after 5 s. 

T. J. J. See. 

I F. L. 

! Slight shocks during day. 


Two shocks barely separat'd, 
last continuing f ally 5 s. , each 
a good shake, not severe but 
steady, oscillating, F. L. 
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Record of after-ahoeke — Continued. 


Day. Duration. Inteniity. Locality. 


h. xn. 1. 

Apr.22,a.m. 5 00... 

6 58 . . . 


aeofl. 

1.5 


7 

7 03 00. 
7 10.... 
11 30.... 


Apr.22,p.m. 3 

3 

3 17.... 


3 18 22. 
3 19.... 
3 19 30. 


Apr. 23, a. xn. 12 05 00. 

12 48.... 


6 07.... 
6 30.... 

8 

8 10 10 . 

9 15.... 


Apr.23,p.m. 12 45. 

12 48. 
12 50. 
2 50. 


Mile Rocks 

Scott’s Valley . 


Mile Rocks 

San Francisco . 
Scott’s Valley . 
Saratoga 


Napa 

Mile Rocks . . . 
Bonita Point . 


3 18 20.... 60+... Ill Berkeley. 


Oakland 

Yerba Buena.. 
San Francisco . 


Salinas 

Mile Rocks .... 

Salinas 

Scott’s Valley . 

San Francisco . 
Trinidad Head. 


Cape Mendocino . . 


Grant's Pass, Ore. 

14 V-VI Eureka 


Femdale 

Scott’s Valley 


Crescent City, 
do 


Cape Mendocino . . 
Scott’s Valley 

Eureka 

Ferndalc 

Salinas 

Oakland 

Mile Rocks 

Scott’s Valley 

do 

do 

do 


San Francisco . . . 
Salinas 


Slight. 

Two shocks barely separated, 
last continuing fully 5 s.; each 
a good shake, not severe 
but steady, oscillating, F. L. 

Moderate. 

Light, A. G. McA. 

A mere jolt, F. L. 

Described as underground ex- 
plosion, about 11^30"* a. m. 

W. H. M. 

Moderate. 

Nearly vertical. Direction N W. ; 
no tremor, just a jar, 1 max., 
strongest at beginning. No 
sound, may have been blast- 
ing. 

Tremulous motion for 5 m. 
after shock. Long duration 
of trem. motion also observed 
by Mr. Huber, who was in 
laboratory at time, weighing 
chemicals, S. A. 

C.B. 

Light. 

Moderate rocking, about four 
waves, A. Q. McA. 

Slight. 

Tremor, F. L. 

A. G. McA. 

East-west tremor 5 s. before, 
short and heavy ; clock stopt 
12 h 48 in facing east: 

sound like thunder, preceded 
and continued during shock; 
same throughout, no change. 

Vertical. Southwest-northeast. 
Direction NE. increasing in- 
tensity. Clock stopt. Pend. 
22’^, facing SW. No sound. 

South-north. Stop! clocks, 
A. H. B. 

Severe shock, J. A. S. 

Li|ht^and short, but decided, 

West-east. 

South-north. Woke up every- 
body, no damage. 

’'Just enough to waken me,” 
F. L. 

South-north. Slight. 

Severe shock, J. A. S. 

From east, C. B. 

Moderate. 

Barely perceptible, F. L. 

Very light, F. L. 

More decided, F. L. 

Decided trembling lasting per- 
haps 30 B., F. L. 

Sharp, downward jolt,A.G.MoA. 
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Day. 


Apr. 2.3, p.m. 


Apr. 24, a. ni. 


Apr. 24, p.m. 


Apr. 2.'»,a.iii. 


Apr. 25, p. m. 


Record of after-ahocke — Continued. 


Beginning of 
ehock. 

Duration. 

Intenaity. 

Locality. 

Remarks. 

h. m. B. 

BecB. 




5 45 

3-4... 


Scott’s Valley 

Sharp, lasting 3 to 4 s., F. L. 

10 00 


Ill 

S. F. Peninsula... 

About 10 p. in. 

Moderate, 2 max. 

10 25 

2 

Mile Rocks 

10 34 



San Francisco 

Moderate', A. G. Me A. 

Nearly vertical . Direction N W. , 

10 36 

2 



Bonita Point . . .^ . 

Berkeley 

no tremor, just a jar, 1 max. 
strongest at bi»ginning. No 
sound, may have been 
blasting. 

10 38 42... . 

6 

IV 

2 separate shocks, 2d stronger, 





S. A.? 

10 38 44.... 



do 

2 separate shocks, 2d stronger. 





K. Smith. 

10 38 57?... 


III 

do 

Short and shai^. Northeast 
southwest. Tremulous mo- 







lion for 6 in. In bed awake, 
but watch correction iincer- 





tain, R. T. C. 

10 39 

3 


Han Francisco 

Kast-west. 

10 55 


11 

Oakland 

(J. B. 

1 25 



San Francisco 

Short, A. G. Me A. 

1 32 



do 

Tremors, A. G. McA. 

•> 



do 

Doubtful, A. G. McA. 

5 46 



Salinas 

10 15 

95 111 . . . 


Berkeley 

Slight continuous trembling, 





S. A. 

1 14 



San Francisco 

Light throw. A. G. McA. 

4 45 

75 III... 


Berkeley 

Sl^h^ continuous trembling, 
Slight. 

8 10 

2 


Mile Hocks 

10 

60 111 . . . 



Berkeley 

Sligh^ continuous trembling, 

10 45 



Oakland 

11 30 



Berkeley 

Reported by several. Mr. 
Wood also reports shock fol- 





lowed by unsteadiness of 
ground for over 1 h., S. A. 

11 42 



Oakland 

1 26 

3 


Berkeley 

Light shock, lasted about 3 s. 




after awake, S. A. 

4 30 



San Francisco 

A. G. McA. 

6 30 22.... 

3 

Ill 

Oakland 

Northeast to southwest, C. B. 

12 


V 

Mills College 

Many small shocks. 

12 40 


III 

Cloverdale 

3 


Mile Rocks 

SHght. 

3 

1 

v-Vfi 

Cliffs about 




Wood’s Gulch.. 


3 12 

2 

V 

Bonita Point 

Direction NW., no tremor, just 





a jar, 1 max. strongest at 
beginning, no sound, may 





have been blasting. 

3 15 

15 

V 

8. F. Peninsula... 

Strongly felt on ground, caus- 
ing landsliding along coast 
cl&, lasting 10 s. with a 




Oakland 

slight repetition after 10 s. 

3 15 

3 

III 

C.B. 

3 15 



Napa 

Sharp, W. H. M 

Walung with Dr. King, not 

3 15 

7 

IV-V 

Berkeley 




felt by either of us, S. A. 

3 17 



Yountville 

Undulatory twist, quite severe. 
Double waves recorded on 

3 17 10.... 



San Francisco 



seismograph, W. R. E. and 
A. G. McA. 

3 17 15.... 



Oakland 

Noticed by G. K. G. on clock 
marked U. S. Observatory. 
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Record of aftershocks — Continued. 


Day. 

Begiuning of 
shock. 

Durat ion. 

Intensity. 

Ixicality. 

Remarks. 

Apr. 25, p. Ill 

h. in. s. 

3 17 40 

acn«. 

ll-lll 

Mt. Hamilton .... 


3 18 20.... 


Berkeley 

2 tremors about 5 a. apart. 





Time is of last.nne^ B. L. N. 


3 20 



Oakland 

Alameda Pier. 


3 20 



Antioch 


3 22 



Niles 

Many shocks during month, 
W. B. 

Apr. 26,11 in. 

3 20 



RaOnas 

10 20 



Scott ^8 Valley 

Finn .lose 

F. L. 


10 23 




10 29 



Oiikland 

Explosion ? Chubot Observa- 
tory. 

Jolt only, no swing, R. H. T. 
Slight. 

Like; explosion under foot, 
similar to shock of Apr. 22 
at 11'^ 30**‘a. ni. Light. 

Very heavy. 


10 33 35 

....... 

II 

Mt. Hamilton 

Apr. 26, p. in. 

1 45 


Mile Roeks 

5 

8 

1 


Saratof^a 

Salinas 


8 50 

4 


do 


9 38 



Mile Rnek.s 

Slight. 

Other shocks reported, but not 
recorded. 

Very heavy. 

Slight. 

Very heavy. 

Chabot Observatory 

Sharp. 

Sharp. 

A. 0. McA. 

R. T. C. 

Apr. 27, a. 111 . 

9 42 

9 50 

9 50 

2 



2 ... 

4 


Salinas 

do 

Mile Rocks 

Salinas 

6 15 

10 30 

4 

11 

Oakland 

Ferndale 


10 30 



Eureka 

Apr.27,p.ni. 

J 07 

1 09 34 



II 

San Francisco 

Berkeley 


1 10 


Hollister 


1 12 



do 

! And many others. 

. Ea.st to west, Chabot Observa- 
j tory 


10 08 10 ... 

1 

1 

^ 

1 Aii 

1 Oakland 

Apr. 28, a. ni. 

12 35 



Napa 

1 Sharp, W. H. M. 

Apr. 28, p. 111 . 

5 40 



Scott's Vallc*y 

F. L. 

Apr. 29, a. m. 

4 55 

5 

•} 

2 


Mile Hocks 

do 

! Vertical. Strongest at mid- 
! die, sound like cannon shot, 
coinciding with beginning 
of shock. Sharp, following 
strongest disturbance 2 s. 


1 9 1 



Paisley, Oregon. . . 

Scott's Valley 

do - - 

Milk spilt northwest-southeast. 
About 9 a. m. 

Hard, not long, F. L. 

Hard, shook house w<‘ll and 
lusted several seconds, F. L. 

A. G. McA. 

W. W. C. 

C.B. 

Slight. 

A. G. McA. 

Single swing, A. G. McA. 

Northeast-southwest. Short 
and sharp, R. T. C. 

A. G. McA. 

Shocks from thi.s date to May 
17 seem to be of circular mo- 
tion. No decided direction 
shown by Duplex seismo- 
graph . Tremors , vertical mo- 
tion predominating. Chabfit 
Observatory, C. D. 


11 20 

1 

1 1 

Apr. 29,p.in. 

4 08 


1 1 

4 09 

4 09 20.... 

1 00 

1 - 2 ... 


San Francisco 

Mt. Hamilton 

Oakland 

Apr. 30, a. in. 

1 45 

1 48 

1 57 30.... 

1 59 40.... 

2 

•> 



Mile Rocks 

do 

San Francisco 

do 


2 01 22 


Ill 

Berkeley 


7 10 


San Francisco 

Oakland 


7 20 
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Day. 

Apr. 30, p. 111 . 

May 1, a. in. 
May 1, p.iii. 

I 

i 


May 2, a. tii. ' 

I 

I 

Mu}' 2t p. 111. 


May 3, a. in. 


May 3, p.in. ! 

i 

May 4, a.m | 

i 


Record of aftershocks — Continued. 


ReginnifiK of 
nhock. 

Duration. 

liitenBity. 

li. in. H. 

1 05 

HHC'M. 

•> 


10 50 



10 58 



11 10 



G 05 

1 

o 


9 21 

0 10 

‘ 15 



i ' 

0 .^0 ! : : 

9 4,5 



9 57 55 


9 5S 



9 58 24.... 

12 

Ill 


12 3G ! ' 

4 05. 

6 51 30.... 

G 56 20. . 

8 50 



11 

4 51 13. .. 

4 53 

9 22 

9 58 

10 5a 


11 

1-3 




5 5G 

5 






(i i 

0. .. 

. ■ . .. 

6 20 1 


9 41 22.... 




4 17.. 



12 05 ! 1 


5 i i 


5 25 

5 

11 

5 28 

5 32 

G 



12 


8 30 

5 


10 29 30.... 
10 40 










Tioeulity. 


Mih* Ho(‘ks 

Scott's Valley 

Cape Mendocino . . 

Eureka 

Mile Rocks >. 

(^loverdale 

Heuldsburg 

Guerneville 

Mile Rocks 

Berkeley 

d(» 

do 


Napa 

Peachland 

Napa 

Los Gatos 

San Francisco . . . 

Oakland 

San Franci-co 

Mt. Hamilton 

Santa Cruz . . 
Calistuga . . 

S F. Peninsula . . 
ScotVs Valley . . . 

Laurel 

< lien wood 

Scott's Valley 


Santa Cruz 

Pt»int Pinos 

Lo.s Gatos 

San Francisco 

Oakland 

San Francisco 

Los Gatos 

Scott's Valley 

Point Pinos 

Mt. Hamilton 


Los Gatos 

San Francisco 

Scott's Valley 


do 

San Francisco 

Los Gatos 

Campbell 


UemurkH. 


I Vertical. Stronge.st at end. 

I Barely perceptible, F. L. 

I Southwe.st. Vertical. Direction 
south, very light. 

; Slight. 

I Slight. 

Very smart shock, perceptible 
roaring, oscillatory. 

Articles thrown from north to 
south. Cracked much plaster. 

Slight. 

\ O L. 

F^aculty ('lub, G. K. G. 

Fast-west. Several max. Had 
watch out in 3 s., slight shak- 
ing 30 s. more, »S. A. 

No time given. Three light 
1 ‘hock.'. during day, W. II. M. 

No time given. 

: Sharp, W. H. M. 

: 1. H. S. 

Very light, A. G McA 

(’habot Observatory 

Very light, A G McA 

• (’ U. P. 

Lively shake. 


Two vibrations apparently 
from SE., F. L. 

No time given. 

12 (quakes, each preceded by 
I sounds. 

Reported as G a.m. in Santa 
Ouz. Strong vibrations 
‘ ('ast-west. Sleepers gener- 
j ally awakened, F. L. 

I Short. 

I Vertical, I. II. S. 

I Very liglit, A. G. McA. 

Chabot Observatory. 

I Very light, A. G. Mc.A. 

■ 1. H. S. 

“ Wakened me," F. L. 

1 Two distinct primipal shocks, 
0..5 s. apart, 3 s. afU'r be- 
1 ginning. North to south. 
I No sound. No vertical mo- 
I tion, J. D. M. 

I. H.S. 

Very light, A. G. Mc.A. 

Two people at least were 
awakened. Three shociks al- 
most continuous, not s(*vere. 
Very slight trembling for 
perhaps 5 s., F. L. 

Sharp jar, A. G. McA. 

I. H.S. 

No time given. 
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Day. 

May 5| a. zn. 

May 5, p.m. 
May 6, a.in. 

May 6, p.m. 


May 7, a m. 

May 7, p.m. 

May 8, a.m. 
May 8, p.m. 


Record qf a/ter-ehocke — Continued. 


BfKinniiig of 
shock. 

Duration. 

Intensity. 

1 

Locality. 

h. m. i. 

secs. 



10 16 

3 


Mile Rocks 

10 28 


• 

Oakland 

10 29 30.... 



San Francisco 

10 29 43 



Berkeley 

10 29 45 + 2 


II 

do 

10 30 


IV 

S. F. Peninsula... 

10 30 

10 30 



Napa 

Oakland 

10 30 05.... 

1 


Mt. Hamilton 

11 45 

1 


Mile Rocks 




f '!n.mpbell 








San Francisco .... 

3 06 


• 

Los Gatos 

7 29 



San Francisco 

8 40 

1 


Mile Rocks 

8 59 20 



San Francisco .... 

8 



Bartlett Springs . . 

8 10 

10 

VII 

Upper Lake . ."1 . . . 

8 12 34.... 

25 

IIT-IV 

Ukiali 

8 17 



do 

8 32 



do 

9+ 

5 

VII 

Upper Lake 

9 4- 



I^)s Gatos 

9 45 

1 


Mile Rocks 

11 15 

1 


do 

11 25 



Los Gatos 


••••••• 1 


Blocksburg 


. . .. 






San Francisco .... 

3 



Point Pinos 

3 20 

1 


Mile Rocks 

3 45 



do 

5 07 



San Francisco .... 

4 10 



Los Gatos 

4 17 10.... 



San Francisco 

4 30 



Bartlett Springs . . 

4 30 



Los Gatos 

10 16 



Yerba Buena.-.-.-.-. 

12 12 



San Francisco 

11 40 



Campbell ... 

11 40 

....... 


Los Gatos 

11 40 



Point Pinos 

11 42 



San Francisco 

11 42 02.... 

10 

II-III 

Palo Alto 






Remark!. 


Moderate. 

Chabot Observatory. 

A. G. McA. 

Northwest-southeast. Single 
displacement to northwest, 
witn return to southeast, 
B. L. N. 

J. N. LeC. 


W. H. M. 
Alameda Pier. 

w. w. c. 

Slight. 


Several tremors during early 
morning. 

Rotary motion north-south. 
Vertical. I. H. S. 

Light, A. G. McA. 

Slight. 

Strong. Last one double wave. 
Felt like apusli. Then more 
waves, A.G, McA. 

Very violent, almost due east, 
sudden. 

Direction west-east, increasing 
intensity. No max. No noise. 
Watch compared immedi- 
ately ; times probably not in 
error more than 2 s. , S. D. T. 


Very violent, many clocks stopt, 
1 . H . S, 


Rotary, I. 11. S. 

No time given. 

Sc^veral tremors during night. 
About 3 a. in. 


Very light, several light trem- 
ors during night and early 
morning, A. G. McA. 

Rotary, I. H. S. 

Sharp jar, A. G. McA. 


I. H. S. 
light. 

Light, A. G. McA. 


North-south, I. H. S. 
Indefinite as to a. m. or p. m. 
Sharp jar, A. G. McA. 

No max. No noise. Also felt by 
Prof. L. M. Hoskins, but no 
time taken. Watch com- 
pared with standard clock at 


tJkiah at 10 p. m., May8,and 
at 11 a. m., May 9. S. D. 
Townley. 
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Record of after^ehoeke — Continued. 


^^Bhock*^^ Duration. Intenaity. Locality. 


llemarks. 


May 8, p.m. 
May 9, a.m. 


May 9| p.m. 


May 10, a.m. 


May 11, p.m. 


5 20.... 
5 44 13. 


1 10 .... 
1 27 40. 
1 27 50. 
1 30.... 
1 30.... 


I 30 49.... 

1 40 

1 40 4±10 
1 45 


Salinas 

San Francisco . . . 
Palo Alto 


Saratoga . 
Eureka... 


Ferndale . . 

Salinas 

Los Gatos . 


San Francisor> . 

Blocksburg 

Ferndale 

Eureka 


Blocksburg. 
TjOS Gatos . . 

Laurel 

Montague . . 


Mile Rocks . . 

Oakland 

Bolinas 

Napa 

Bonita Point 


San Francisco . . 

Salinas 

Berkeley 

KentOefd 

Los Gatos 


No time given. 

Light, A. G. McA. 

Just one jolt. Not felt by Prof. 
Hoskins; absolutely certain 
it was quake, S. D. T. 

About 2 p. m. Like explosion 
under foot. 

South-north. Several seconds. 

Shook windows. 

J. A. S. 

Two light shocks, I. H. S. 
Light, A. Q. McA. 

J. A. S. 

Slight surldcn jolt. South to 
north. 

One light shock. 

One light shock, 1. H. S. 

No time given. 

No time given. 

Slight. 

Chabot Observatfjry. 

W. H.M. 

Nearly vertical. Prop. NW. 
No tremor, just a jar. 1 max., 
strongest at beginning. 
Rumbling coincident with 
shake. May have been 
blasting. 

Heavy, A. G. McA. 

Residence 1820 Walnut St. 

One light shock. No time given, 
1. H. S. 


I W. H. M. 


May 12, a.m. 
May 13, p.m. 
May 14, p.m. 


May 15, a.m. 


May 15, p.m. 

May 16, a.m. 
May 16, p.m. 


12 30.... 
1 10 .... 
2 20 .... 
9 20.... 
11 53.... 
11 56 47. 


5 II-III 


S. F. Peninsula. 


San Francisco . 

Campbell 

Los Gatos 

San Francisco . 


Berkeley 

do 

Point Pinos . . 
Mile Rocks . . . 

Los Gatos 

Mt. Hamilton. 


Los Gatos . 
Campbell . . 


North-south. 

North-south. 

Caused ground to tremble rlis- 
tinctly, and brought down 
broken plaster. 

Sharp jar, A. G. McA. 

North-south, 1. H. S. 

Light, A. G. McA. 

G. K. G. 

G. K. G. 

Vertical. 

Moderate. 

I. H.S. 

Ending with jolt, Mrs. R. G. A. 

I. H. S. 

No time given. 


Ferndale J. A. S. 


Heber. . . . 
Berkeley . 
Salinas. . . 


G. K. O. 

No time given. 
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Record of after-shocks — Continued, 


Day. Duration. Intensity. lineality. 


Remarks. 


h. m. B. 

Mayl7,a.m. During night 
12 18 


12 30 

12 35 

11 05 45.... 
3 40 


Mayl7,p.m. 8 15 35. 

8 17 

8 17 


8 21 22.... 14. 


8 21 34. 
8 21 40. 
8 22 .... 
8 22 25. 
8 24 30. 


8 24 ,33. 
8 30.... 


Imperial 

S. F. Peninsula. 


Berkeley 

TiOS Gatos 

San Francisco . . 
Ferndale 


Mile Rocks. 

Oakland 

Los Gatos . . 


Salinas 

Bonita Point . 


Point Pinos. 


Oakland 

S. F. Peninsula. 


8 21 Napa 

8 21 Gonzales . 

8 21 Campbell . 

8 21 17 12 IV-V Oakland.. 


IV Mt. Hamilton. 


Berkeley 

Bolinas 

Yerba Buena 

Berkeley 

San Francisco 

do 

Oakdale 

Southampton Shoal 


I Livermore 

! San Luis Obispo . . 


Two slight shocks. 

One of the severest since the 
first shock, woke all sleepers, 
swa 3 red houses, set dogs 
barking. 

Q. K. G. 

I. H. S. 

Light, A. G. Me A. 

Two more before 6 a.m., J. A. S. 

Vertical. Strongest in middle. 

Alameda Pier. 

Short, but with considerable 
vertical motion, T. H. S. 

Nearly vertical. Direction N., 
no tremor, just a jar, 1 max., 
strongest at beginning. No 
sound, may have been 
blasting. 

Horizontal. Two max. alike, 
sound like w^ater in pipe with 
air in it. 

Chabot Observatory. 

About the hea\dest since first 
shock, causing people to 
rush out-of-doors. 

W. H.M. 

Violent. 

Chandelier swung with period 
of 1.25 s. Shock NW.-8E. 
at Vernon St., R. T. C. 

Vertical slightly, 2 max . 5 s. and 
10 s. after beginning, mean 
of two observers, W. W. C. 

Kast.-weBt, A. (). L. 

S. A. 

Light. 

Faculty Club, G. K. G. 

Moderate rolling motion , .\. G. 
McA. 

Very slight. No time given. 

Southeast-northwest. Rum- 
blinj^ before shake and con- 
tinuing 2 s. after. 

No time given. 

No time given. 


May 18, a.m. ! 12 22 . 

! 1 45. 

5 

5 23. 


May 18,p.m. | 7 56 ... . 

. 8 30.... 


Berkeley G. K. G. 

do G. K. G. 

Los Gatos I. H. S. 

San Francisco Light, A. G. McA. 


Los Gatos 

Cape Mendocino . 


8 53 37. 


3 I II-III 


May 19, a.m. Between 12-2 

2 30 

2 30 


Ferndale . . . 
Fort Bragg . 
Blocksburg . 
Los Gatos . . 


I. H. S. 

Southwest. Vortical. Direction 
S. Very light. 

No max. No sound. Watch 
compared immediately and 
clock correction determined 
within an hour, S. D. T. 

J. A. S. 


I. H. S. 


do Slight. 

Campbell 

Los Gatos East-west. Vertical, I. H. S. 
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Record of after^shocke — Continued. 


Day. 

Beginning of 
shock. 

Duration. 

Intensity. 

Locality. 

Remarks. 


h. m. B. 

BecB. 




May 19,a.m. 

2 32 10 


ii-in 

Mt. Hamilton 

East-west, W. W. C. 

3 30 



do 


4 47 



Ferndale 

Very slight shock, J. A. S 


11 30 



Los Gatos 

I.Il. S. 

May 19,p.m. 

2 30 



do X. 


11 .56 



Fort Bragg 






Bloek^burg 

No time given. 

May20,a.m. 

2 35 



("arson City 

Light. West-cast, C. W. F. 

May20,p.m. 

9 05 



Fort BrafiTfi: 


11 00 



Los Gatos 

1. H. S. 

May21,a.m. 

5 30 

3 


Mile Rocks 

Moderate. 

May21|p.m. 

2 00 



Los Gatos 

I. H. S. 

4 50 


III 

S. F. IVniiisiiItt 



12 00 



1 do 


Muy22,a.ni. 




1 

1 Los Catos 

No time given, I. H. S. 




Before daylight. V’erv slight, 




j Kerndale 

1 

J. A. S. 

May22,p.n]. 

12 30 




Bartlett Springs . . 

**The tremor might have been 




! 

due to thunder.*' 

May23,a.nL 

5 30 


..... 

Los Gatos 

1. 11. S. 

May 24, a. m. 

1 30 



I. H. S. 

May24,p.m. 

1 28 


1 do 

I. H. S. 

8 45 



I 

do 

i 1. H S. 


; 11 17 

1 21..., 


' Nearly vertical. Direction NE. 




i 

No tremor, just a jar. 





1 max. strongest at begin- 




1 

ning. Sound like clap of 



j 

1 

thunder 2 s. before. May have. 




i 

been blasting. 

May 2.'>,a.in. , 

12 58 

45-50 

' Berkeley 

At Faculty (3ub. First irregular, 

1 

1 ' 


• 

then rhythmic and slow, then 

1 

1 


1 

inf»re rapid. During rhythmic 





part was able to recognize a 

1 



1 

distinctly east-west direction, 




. 

and thought this changed 


i 


1 

later to north-south, but hot 





quite sure, G. K G. 

May 2.5, p in. , 

10 21 

60 

i do 

Began with confused irregular 



1 

motion, but middle and 


1 


1 

final portions definitely 




i 

! 

rhythmic. 1 tried without 




i 

use of watch to estimate 





period of rhythm, and think 





it was between 2 and 3 beats 






of the second, G. K. G. 

May 27, a. in. ! 




L<»s Gatos 

1. H S. 



5 00 



Santa Cruz 

Slight shock. 

May 28, a ni. j 

1 00 



Los Gatos 

I.H S. 

1 05 



do 

I. H S. 


4 06 



do 

I. H. S. 

May28,p m. 

10 45 1 

1 



Santa Cruz 


May30,p m. 

12 37 20?... 



San Francisco 

Light, A. G. McA. 

May 31, a m. 

Early 



Los Gatos 

r. H. S. 
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Record of a/ter-ehocka — Continued. 


Beginning of 
shock. 


Intensity. 


Locality. 


h. m. s. 

May31,a.m. 5 45.... 


5 49 54.... 

5 50 

6 


June3,a.m. 8 25. 

9 17. 

June4,p.in. 9 40. 


11 40 

11 50 

11 50 

11 50 50.... 

11 51 

11 51 07.... 
11 51 45.... 
n 52 


60+... 


Napa 

Berkeley . 


San Francisco . 
Peachland 


Los Gatos . 

do .. . 
Ferndale . . 


Mile Rocks . 
Los Gatos . . 
Campbell. . . 
Oakland 


Mills Collef^c. . . 

Berkeley 

do 

San Francisco . 

Napa 

Niles 


W H M 

R. T. C. in bed. Short and 
sharp. 

Light, A. G. McA. 


I. H. S. 

Very slight, J. A. S. 


Rotary, I. H. S. 

Sharp. 

Chabot Observatory. South- 
west to northeast. 

Kwing^scismograph. 

A.‘ G.' McA. 

No time given. 


June 5, a. m. 9 50 


June5,p.m. 11 55. 


June7,a.m. 12 21 39... 


June 7, p.m. 4 10 . 

4 13. 
4 15. 
4 15. 


Junes, a.m. 5 15. 

9 


Jj 08 Gatos I. H. 8. 


Berkeley ...... 

Eureka 

Upper Mattole. 

Blocksbuig 

Ferndale 

Fort Bragg. . . . 
Eureka 


A. O. L. 

No time given. 

Heavy. No time given. 


Slight, J. A. S. 

South of west to east. Sud- 
den, increasing, then dying. 
ShcK>k buildings. Severest 
since April 18, A. H. B. 


Fort Ross . 
do 


June 8, p.m. 6 15 . 


June 9, a.m. 11 35. 

11 56. 


Mile Kf)rks Slight. 


Fort Ross . 
do 


June9, p.m. 7 40 

7 41 

June 10, p.m 

4 00 

6 26 

9 41 


June 11, a.m. 4 30 Ship’s 
time 


June 12, p.m. 2±., 
Junel3,a.m. 11 50. 


June 14, a.m. 4 50. 
Junel4,p.m. 5 55. 


Mills College 

San Francisco 

Eureka 

Los Gatos 

Ferndale 

San Franciserf) 

Napa 

Coronel Bay, South 

America 

Napa 

Los Gatos 


Eureka 

Tequisquita Ranch 

Campbell 

Ferndale 


A.G.McA. 

No time given. 

I H S 

Slight ^ock, J. A. S. 

No time given. 

S.S. Aaauan. Sharp shock. 
No time given. 


Very light diock. 
No time given. 

No time given. 
Very light, J. A. S. 

Very light, J. A. S. 


Los Gatos. 
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Record of after^ehockn — Continued. 


Day. 

Boginning of 
shock. 

Duration. 

Intensity. 

Locality. 


h. m. B. 

sees. 



June 14, p m. 

S 66 



Los Gatos 

11 an 



do 

Junel5,a.m. 

3 40 



Fort Bragg 

6 11 .50 



Mt. Hampton 

Junel5,p.m. 

12 05 



Los Gatos .^ . 

12 09 



do 


g 20 



Sonoma 


9 25 

5 


Mile Rocks 


g 3g .35 



Berkeley 


9 39 45.... 

3 

Ill 

Oaklanri 


g 40 



Sonoma 


g 40 52 


If 

Berkeley 


9 41 



San Fran(4sco .... 


g 41 



Los Gatos 


g 41 



Mills (^)llego 


g 41 52 



Berkeley 


g 42 



Niles 


g 45 



Livermore 


9 51 39.... 


I 

Berkeley 


10 30 

2 


Mile R()ck8 


10 32 04.... 

12 


Berkeley 



17 


do 


10 35 



San Francisco .... 





Peachland 





Napa 

June 16, a. m. 

9 15 



Ix>s Gatos 





Peachland 

Jiinel6,p.m. 

4 50 



Ferndnle 


11 50 



do 

June ]8,a.m. 




Fort Ross ..... 

June20,a.m. 

8 10 



Feriidale 

June22,a.m. 

6 07 



San Francisco .... 




Kentheld 





Mt. Tamalpais 

June 22, p m 

11 40 

4 


Mile Rocks 


11 51 10.... 

8 

Il-Ill 

Berkeley 


11 51 03.... 

24 


do 



24 


do 

June25,a.m. 

9 16 

6 


Ferndale 

June 26 




Napa 





Peachland 

June 27 




Fort Ross 

June 28 




Peachland 

June 30 




Upper Mattole 


Remark*. 


E. S. 


Moderate. 

Omori seismograph, east-west. 
Component 79 ± 10; north- 
south component 76 :!■ 10. 
Chabot Observatory. From 
northen.st. 

East- west 2 shocks, 1 s. apart, 
A. O. L. 

A. G. MrA. 


H. T. 0. 

W. B. 

A. O. L. 

Slight. 

Omori seismograph, east-west 
component. 

Omori seismograph, north- 
south component. 

A.G.McA. 

No time given. 

No time given. Three shocks 
reported, W. H. M. 

T. H. S. 

No time given. 

Taght, J. A. S. 

Light, J. A. S. 

No time given. 

Very light, J. A. S. 

A. G. McA. 

No time given. 

No time given. 

Slight. 

Principally vertical. Slight, 
tremors for 5 m. after- 
wards, no rumble, R. T. C. 

Omori seismograph, east- west 
component. 

Omori seismograph, north- 
south component. 

Light, J. A. S. 

No time given. 

No time given. 

No time given. 

No time given. 

No time given. About the one 
hundredth shock since April 
18, W. H. Roscoe. 
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Record of aftershocks — Continued. 


Day. Duration. Intenisity. Locality. 


Remarks. 


h. m. e. 


Mt. Tamalpais No time given. 


July 2 5 45 

July 4, a.m. 5 35 

5 39 

5 45 

5 45 


Fori Bragg a.m. nr p.m. not given. 


Los Gatos 

Mt. Hamilton 

Campbell 

Salinas 


1. H. S. 

East-west| E. A. F. 


July 4, p.m. 1 15. 

1 15. 
10 45. 

July 6, a.m. 10 32. 


July 6, p.m. 10 52 

10 52 15 2 198.. 


July 7, a.m. 4 


July 9, p.m. 10 00. 

11 30. 
11 37. 
11 40. 


July 12, a.m 

5 38? 


July 13, am. 5 20. 

5 30 . 
5 35. 


San Francisco . 

Los Gatos 

do 


Mt. Hamilton. 


A. G. McA. 

I. H. S. 

1. H. S. 

Two light .shocks. Three vibra- 
tion.s, R. G. A. 


Salinas . . . 
Berkeley . 


Ornori seismograph, east-west 
component. (North-south 
dismounted.) 

Mt. Hamilton | Light. Kn.st to west, R. G. A. 

TjOs Banos 

San Luis Obispo . . No tiiiH* given. 

Berkeley Uninterrupted trembling until 


Eureka 

Lok Gatos . 

Eureka 

Ferndale . . 


Mt. Tamalpais 

San Franci.sco 


Sierra Madre 
Los Angeles . , 
Newhall 


lunterrupteo tremhung until 
6 a.m., H. T. C. and H. F. H. 


Rotary. Vertical, 1. H. S. 

Very light, J. A. S. 

No time given. 

A. G. McA. 

Moderate, U. S. W. R. 


July 10, a.m. 12 10... 
Julyl7,p.m. 3 


July 18, a.m 3 10. 


July 18, p.m. 6 27 35 

July 20, a.m. 1 00 

1 19 36.... 


1 19 42 ± 2 i 


July21,p.m. 10 10. 


Los Gatos 


Northwest-southeast, I. H. S. 


July 22, a.m. 9 15 ; 


Palo Alto About 3 p.m. 

Los Gatos l.H.S. 


San Francisco 

Mile Rocks 

B(*rkel(*y 


do 

Mt. Tamalpais 

San Francisco 

Ta>s Gatos 


San Luis Obi.*?po . . 

85rai.N.86®W. from 
Cape Mendocino 


A. G McA. 

Slight. 

Oinori seismograph, north- 
south component. 

Omori seismograph, east-west 
component. 

Sudden jerk apparently from 
east-west with tremor last- 
ing 3 to 4 s. Awakened from 
sound sleep, A. O. L. 

Sharp shock. Dr. J. K. M. 

No time given. 

A. G. McA. 

North-south. Vertical, T. H. S. 

No time given. 

Slight shock reported by Capt. 
J. R. Sarrins of schooner 
Espada in Lat. N. 40® 
33^, Long. W. 126® 15'. 
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Record of after-ehocks — (Continued. 


Day. 

Bricinnine of 
Hhork. 

Duration. 

Intensity. 

Locality. 

Remarks. 


h. ni. H. 

secs. 




July 22, a.m. 

9 30 

6 


85mi.N.86‘*W.froni 

Lat. N. 40» 33', Long. W. 





Cape Mciidorino 

126° 1.5'. 

July 22,p.in 

10 39 30.... 

00 J: 

II 

San Jose 

Horizontal, H. F. R. 


11 48 20 



do 

H ori zon t al an d vertical mot i on , 






H. F. R. 

July 23, n m 

5 41 


11 

San .Jose 

IT. F. R. 

11 2.5 



TjOS riiiioK 

1. II. S. 





Mt. Tamalpais 

No time given. 

July 23,p.ni 

12 10 



Tjos Gatos 

1. 11. s. 

n 



Helen Mine 



4 12 



Los ( iatos 

I. H. S. 

July 24, p m 

6 



Imperial 


July 2.5, p.rn. 

11 04 .30 1 

60 i 

11 

San Jose 

H F. R. 

July 26, a. 111 . 

4 37 30 ± 

.30 d 

IT 

do 

H. 1'. H. 

.July 26, p.m. 

9 18 .30.... 

.34. ... 


IJ(‘rkelf'y 

Omori stasmograph, east-west 






eomp*)neni. 



10 


do. (Same 

Omori seis^niograph, north- 







record.) 

.south component. 


9 20 



Millsi 


July 27, p.ni. 

10 10 


j 

Pfunf 


July 28, a.m. 

12 22 40.... 

40 

11 

litTktdey 

H. F. R. 


,5 2.5 


11 

do 

H. F. R 


5 44 


IT 

do 

H. F R. 


i 6 01 


II 

ti„ 

H. F. R. 


; 7 2.5 


11 

do 

H. F. R. 


1 7 46 


11 

do 

11. F. R 





Mt TnmalpMi.s 

No time given. 

July 26, H m 

1 6 40 

20 

IT 

I3<»rkelev 

H. F. R. 

July 30, a.m. 

.5 .3.5 


II 

do 

H. F. R. 


1 ::::::: 


Kiirekn 

No time gi\ (m. 

Aur. 1 , a.m. 

fi 

! 

. - IVjifhlnnrl. 

Light . 

11 ,31 


. 

Vf*r3^ light. J. S. 


11 32 

‘7 


Eureka 

Vibration from .southwest. 





Sail Luis Obispo. . 

No time given. 

Aufi:. 2, .‘i.ni. 

6 04 




I’ort Ross 

(J. W. C. 


6 10 

....... 


Plantation 

Hard Rumbling noise from 






ocean for 2 da3's. 


6 14-1.5 ... 



do 

Slight. 


6 1.5 d .5m. . 



B(‘rki*lcy 

! Omori seismograph. 





1 lu'ration , cast-west component 






2 in. 48 i; 10 s. 






Duration, north-south compo- 






nent 1 m. 30 ± 10 s. 

Aug. 3, p.m 1 

5 



Plantation 

H ca vy ,f oil o w cd by sligh t sh ock . 

5 03 



Fort Ross 

G. W. C. 


7 05 

40 


Gulf of California 

Lat N.25°35', Long. 110°06' 






W. Ship Alex Gibson. Very 
heavy shock. 


7 10 

15 


do 

Lighter shock. 


Bet\vi*rii 






8 and 12 ... 



do 

Two more shocks, very light. 


11 



Plantation 

Heavy. 

Aug. 4, a.m. 

5 39 


I 

Mt Hamilton 
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Record of after^shoeks — Continued. 


Day. 

Beginning of 
shock. 

Duration. 

Intensity. 

Locality. 

Remarks. 

Aug 4, p.in. 

h. m. B. 

11 19 

secs. 

11 

Berkeley 

Faculty Club.slightvibrations, 
II. F. R, 




Aug. 5, a.m. 

1 50 

1 53 


II 

Fort Ross 

Berkeley 

G. W. C. 

Faculty Club, slight vibrations, 
H. F. R. 

Faculty Club, slight vibrations, 
H. r. R. 

Faculty Club, slight vibrations, 
H. F. R. 


3 25 


II 

do 


5 15 


TI 

do 

Aug. 6, a m. 

Aug. 8, p.rn. 

10 32 2 


11 

Mt. Ilamiltun .... 

5 56-57 m . . 

6 13 



liOK Gatos 

do 

I. H. S. 

I. H. S. 

Aug. 12, a.m. 

Aug. 14, a.m. 

6 00 



Rio Vista 

8 30 



Salinas 

Light. 

Light. 

Omori seismograph in east/- 
west component. 

9 35 



do 

Aug 15. a.m. 

2 07 15 

25 


Berkeley 

4 40 



Teqiiisquita Rancho 






Aug. 16,p.m. 

4 17 58.... 

7 45 ship’s 
time 

3 m... 


Berkeley 

Coroncl Bay, S. 
America 

Omori seismograph. Duration 

Jh 40in^ 

SS. Rameaea. 

Aug. 19, a.m. 

1 59 



Salinas 

Sharp. 

Tremor and jolt, A. G. Me A. 

2 

9 



Tequisquita Rancho 
San Francisco .... 

Aug.21,p.m. 

12 15 

1 m.. . 


Lat. N. 26® 19' . . . 
Long, no® 25'.... 

Gulf of California. Heavy. 
Bark 8t. Jamea, 

Aug. 22, a.m. 

1 55 



Napa 

W. H. M. 

Aug. 25, p.m. 

Aug. 26,p.m. 

1 40 



Fcrndale 

Light .shock, J. A. S. 

Light .shock, J. A. S. 

9 09 

3 


do 

Aug.27,a.m. 

10 



Point Loma 


Aug. 28, a.m. 

3 

11 40 



Fcrndale 

Tequisquita Rancho 

J. A. S. 






Aug. 29, a.m. 

Aug. 30, a.m. 

Aug. 31, a.m. 

7 59 35.... 

2 12 

2 


Mt. Tamalpais . . . 

Sonoma 

Southeast^northwest, W. W. 
Thomas. 

3 12 



do 


9 52 



Fort Ross 


Sept. l,a.m. 

3 12 



Sonoma 

Light shock. 

5 50 



Tequisquita Rancho 






Sept. 2, a.m. 

3 45 

3 55 

1 m.. . 


I*t. N. 43® 40'.. 
Long. W. 128® 50' 
Lat. N. 43® 40' ... 

Bark Agate. Heavy. 100 miles 
west of Coos Bay. 

Not so severe. 





Long. W. 128® 50' 

Sept. 6, a.m. 

12 10 



Branscomb 

A. J. Haun. 

Sept. 7, a m. 

6 37 

9 24 69. . . . 

9 30 

5-10.. 
10 

ll-lll 

San Francisco 

Mt. Hamilton 

Santa Cruz 

Very faint, G. K. G. 

Perceptible vibration. One 
slight shock. East to west. 
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Record iff after-ehodu — Continued. 


Day. 

Beginning of 
■hook. 

Duration. 

Intenaity. 

Locality. 

Retnarka. 

Sept. 8,p.m. 

h. m. a. 

12 32 

■an. 

20-30.. 


Berkeley 

s 

Faculty Club. To and fro mo- 
tion with period of about 
0.5 8 , but closed with ir- 
regular fluttering motion, 
G. K. G. 

Sept. 9,a.m. 

4 15 



Grass Valley 

Carson City 

Crppir 

Southeast-northwest, J. Sanks. 

C. W. F. 

E. W. Stanton. 

4 55 

4 55 




5 



Nevada C*ty - - - 

8. W. Marsli. 


5 



Wabuska, Nev 

Lat. N. 43*02'... 
Long. W. 126® 41' 

Tremor, J. G. Young. 

Bark Palmyra, 48 mill's W. of 
Cape Ormrd. 

Sept. 13,a.m. 

11 



Sept. 13|p.m. 

8 45 



Ferndale 

Short, J. A. S. 

Sept. 14,a.ni. 

8 46 

44 in. . . 


Berkeley 

Omori seismograph, east-west 
component (origin probably 
435 mi. distant). 



25 


laat. N. 41® 78'... 
Ix)ng. W. 125® 52' 

85 mi. NW. Cape Mendocino. 
(No time.) Schoouer Robert 
Searle. 





Sept. lG,a.ui. 

7 12 2 


111? 

Mt. Hamilton 

Several ob.serversgive north to 
south. Duplex showed £. 
20® S. 

Sept. 17|p.iii. 

5 15 

10 


Ferndiile 

J. A. 8. 

8 10 


do 

J. A. S. 

Sept. 18,p.m. 

8 45 



do 

1 J. A. S. 

Sept.20,p.m. 

2 20 



Marc! Island 

From 20® W. of S. movem’t f s. 
Faculty Club. Slight, O. K. G. 

11 39 



... . 

Berkeley 

SGpt.21,p.m. 

Sept. 25, a. ni. 

Sept. 25-28 

Oet. 5, a.m. 

11 24 



do 

Faculty Club. Slight, G. K. G. 

Faculty Club. Slight, G. K.G. 

From 6® W. of S. movement 

5 36 



do 




Mare Island 

6 30 


1 

San Francisco 

|s. (No time.) 

Oct. 7,p.m. 

11 57 



Fort Ross 

G. W. C. 

Oct. 10, a.m. 

5 45 



Tequisquita Rancho 


Oct. 10, p.m. 

Oct. 11, a.m. 

Oct. 15, p.m. 

Oct. 17 

11 45 



San Francisco 

Salinas 


5 30 




2 49 



Berkeley 

Omori seismograph. 

During night, G. W. 0. 




Fort Ross - . 

Oct. 18, a.m. 

5 



Tequisquita Rancho 

Oct 24, a.m. 

8 45 10.... 



Berkeley 

Omori seismograph. 

Nov. 4, a.m. 

11 58 



Fort Ross 


Nov. 6. 


2-3... 


Lat. N. 46® 09'... 
Long. W. 125® 22' 

Eureka 

No time given. 

Sharp, followed by 3 moun- 
tainous waves 55 mi. W. 
of Cape Disappointment 
Schooner Stanley. 

No time given. 

Nov. 7 






.-J .. * 
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Record uf after-shocke — Continued. 


Day. 

Beginning of 
shock. 

Duration. 

Intensity. 

Locality. 

Kemarks. 

Nov 9,a.m. 

Nov. 11, a. m. 

h. m. s. 

2 

sees. 


Fort Bragg 


6 40 Hhip’K 
time 



Lat. N. 42® 61'... 
Long. W. 127® 61' 

Ship received a quick rolling 
motion, and a few seconds 
after trembled fore and aft. 
Bark CarondeUt. 

Nov. 12,a.m. 




Salinas 

Light. 

Nov. 13,a.ni. 




Fort Hrugg 


Nov.l3,p.m. 

7 47 49.... 

7 48 



Mt. Hamilton 

(ilenwood 

One jolt. North to south. 

7 48 



Tequisquita Rancho 
San Jos6 



7 48 

3 


Sharp. East to west. 

Nov. 14,a.in. 

Nov. 14-15 

2 30 



Fort Bragg 




Fort Ross 

During night. 

Short tremor, G. K. G. 

Nov. 16,a.m 

12 30 



Berkeley 

Nov.22,p.in. 

3 53 



Gleiiwood 


10 45 



I.^abella 


Nov.25,p.iu. 

1 15 



San Francisco . . . 

Very light. 

Nov. 26, a. m. 






do 

No time given. 

Nov.26,p.m 

10 27 

8-10,. 

.. . 

Lttt N. 14° 41'. . . 
Long. W 92° 36'. 

Sharp shock . About 20 mi . off 
coast of Guatemala. S S. 
Newport. 

Dec.2,a.in. 

Dec. 6, a.m. 

1 19 

2 23 

0 45 



Berkeley 

do 

Tequiscjuita Rancho 
San Luis Obispo. . 

San Miguel 

First stronger. G. K. G. 

Increasing in strength, with 
regular iKirizontaJ oscillation 
with period estimated at 
about 0.5 s. Became irregu- 
lar toward end, giving .sense 
of fluttering, but supcrpo.sed 
on the irregular motion was a 
regular beat with an esti- 
mated period of 1 s., G. K. G. 




No time. 

Dec. 7, p.m. 

Dcc.8,a.tn. 

10 55 



10 40 



Idyll wild 


Dec. 8, p.m. 

5 48 54 

2 


Mt. Tamalpais 

Light shock. 

Dec. 9, a.m. 

3 20 


Ill 

San Francis(!() .... 

Duration a few seconds. One 

3 20 


Mills College 

markc‘d wave southwest to 
.southeai'.t, A. G. McA. 

J. Keep. 

Southwest-northeast. 

Light, C. B. 


3 20 

3 20 40. . . . 

20 

6 


Berkeley 

Oakland 

Dec. 19, p m 

2 46 



Kacondido 


3 



Cuyamaca. ....... 








Dec.22,a m. 

Dec.23,a m. 

8 45 



Calexico 


4 



Cuyamaca 


4 55 



Calexico 



5 48 



Fort Ross 



9 26 35.... 



Berkeley 

Omori seismograph, east-west 
component only. 
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Record of aftershocks — Continued. 


Day. 

Beginning of 
ehock. 

Duration. 

Intensity. 

Lorality. 

Hemarkr. 

Dec. 24, a.iri. 

Dec, 25, p.m 

h. m. fl. 

2 . . 

sees. 


Napa 

Sharp jar. 

8 15 



Rohncrville 

8 18 . 



Rureka 


Dec*. 28, a cn. 




Lytle Creek 

In the early morning. Light. 

1907. 





Jan., 1 p.in. 

Jan. 4, a.m. 

11 00 



KentAold 


3 20 



Santa Cruz 

Regular rocking motion . First 
north-south, F. L. 





Jan. 5, p.m. 

Jan. 6, a. lu. 

Jan. 7, p.in. 

5 to 0 



Fort Ross 


3 15 



Salinas 


9 20 




Idyll wild 


10 48 55 







11 03 



Berkeley 

Omori seismograph. 

G. K. G. 


11 05 

4 


do 





Santa Cruz 

First shock, then short, ominous 






lull, followed by quick, vicious 
shaking and twisting, which 






lasted not more than 4 s. 
Seemed to come from north- 
west, F. L. 


11 05 



Campbell 

Sharp. No damage. 


11 05 



Niles 


11 05 



Salinas 



11 10 




Lob Gatos 

1. H. S. 


11 10 



Ban Francisco . . 



11 20 

.. .. 


Olenwood 

Boulder Creek 

1 

1 Hour not given, 
j Sharp jolt, F. L. 

Jan. 8, p.m. 

3 45 


VI 

Santa Cruz 

4 31 36.... 

10 


Berkeley 

j Omori seismograph, east-we.st 





! component only. 

1 

Jan. 0, p.m. 

12 39 42.... 

101 .... 


do 

j Omori seismograph, north- 





1 south component only. 

Jan. 10, p.m. 

Jan. 13, a.m. 

3 21 



Idyll wild 

i 

4 50 



Blocksburg 

1 

Jan. 14, a.m. 

Jan. 14, p.m. 

4 50 



Eureka 

1 

1 Light. 

Omori seismograph, north- 
! south componcnit only. I)u- 

4 23 35.... 

! 



! Berkeley 





i 


1 


1 ration 18 m. 15 s. 

Jan. 18, p.m. 

11 45 


i 

Jdyllwild 


Jan. 19, a.m. 

7 05 



Isabella 

j Light. 

! Omori seismograph, north- 


9 36 00.... 

24 


Bcjrkeley 






\ south component. 


9 35 45.... 

23 


Berkeley 

Omori seismograph, cast-w*est 






component. 

Jan. 23, a.m. 

10 53 

7 


do 

Omori seismograph, east-w'cst 
and north-south components. 

1 

Jan. 25, a.m. 

9 25 38.... 

90 


do 

1 

; Omori seismograph, north- 






1 south component only. 


10 39 50.... 

60 


do 

i Omori seismograph, north- 






1 south component only. 


10 56 12.... 

133.... 


Berkelc*y .' 

1 Omori seismograph, north- 





1 south component only. 
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REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 
Record of after^ekoeke — Continued. 


Day. 

Beginning of 
■hock. 

Duration. 



h. m. 8. 

■eci. 


Jan. 25, p.m 

3 24 18 



3 24 18 




3 67 18 



Jan. 26, a m 

10 13 47.... 

27 



10 14 08.... 

10 



10 24 40.... 

30 



Jan. 28, p m. 

2 42 18.... 

39 



4 16 54 




4 18 44 



Jan. 29, p m 

6 00 32 




5 00 32.... 



Jan. 30, p m 

2 



2 41 11.... 




3 



Jan. 31, a.m. 

12 30 




0 27 




12 30 




12 30 18.... 

64 



12 30 32 ... 

86 



12 33 




12 33 




12 35 




12 35 




12 36 06.... 


Ill 

Feb. 3, a.m. 

10 30 

8 



10 50 

5 


Feb. 3, p.m. 

7 55 



Feb. 5, a.m. 

4 25 



Feb. 13, a.m. 

10 50 



Feb. 14, a.m. 

6 45 



Feb. 16, a.m. 

2 09 30.... 



Feb. 25, a.m 

5 16 40.... 

j 




Looftlity. 


Berkeley 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 


Kentfield 

Berkeley 

San FraneiHCO 

Keiitfield 

Mills College 

Sonoma 

Berkeley 

do 


Niles 

San Francisco 

San Jose 

Napa 

Berkeley 

Boulder Creek 

Lat.N. 37® 35'.... 
Long. W. 123® 35' 


Livermore 
La Porte . . 
Livermore 
do.... 


Remarks. 


Omori seismograph, north- 
south component. 

Omori seismograph, east-west 
component. 

Omori seismograph, east-west 
and north-south components. 

Omori seismograph, north- 
south component. 

Omori seismograph, east- west 
component. 

Omori seismograph, north- 
south component only. 

Omori seismograph, north- 
south component only. 

Omori seismograph, north- 
south component. Slight ir- 
regular shifts. 

Omori seismograph, east- west 
component. 

Omori seismograph, north- 
south component. 

Omori seismograph, east- west 
component. 


Omori seismograph . Both 
components. 


Light. 

Omori seismograph, north - 

south component. 

Omori seismograph, east-west- 
component. 


Sharp. 


Av^ke geople in my house, 
No hour given. 

Neither shock was violent, but 
a decided trembling motion 
cast-west, 28 geo. mi. S. 
73® W. from SE. Farallon, 
Schooner Melrose. 


Point Loma 
Eureka 
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Record cf after-ehocke — Continued. 


Day. 

Beginning of 
shook. 

Duration. 

Intensity. 

Locality. 

Remarks. 


h. m. B. 

secs. 




Mar. ILp.rn. 

11 68 

20.... 


Berkeley 

Faculty Club. In bed at time, 

3 phaaes. First more than 
one-half total time, rapid 
tremor. Period averaging 
less than 0.25 s. Second 










about one-half total time. 
Higher intensity . Motion less 
irregular, period estimated 
at 0.5 8. Third, compara- 
tively short. Motion irregu- 






lar. Average period shorter 






than second phase. Intensity 
at first same as second phase. 






but rapidly declined, G. K. Q. 

Mar. 24, a. in. 

5 50 04.... 



do 

Omori seismograph, north- 
south component. 



do 


6 56 00.... 

Omori seismograph, east-west 
component. 





Mar. 30, p.m. 

2 28 22.... 

17.. 


do 

Omori, north-south component. 

2 28 22.... 

10 40.0 

9.. 


do 

Omori, east-west component. 

Omori, north-south component. 

Apr. 14, p.m. 

21 0.. 


do 

10 32.2m.... 

37 2.. 


do 

Omori, cast- west component. 

May 12, a.m. 

10 21 31.... 

26.. 


do 

Omori, north-south component. 

10 21 31.... 

24.. 


do 

Omori, east- west component. 

June 5, a.m. 

12 26 37.... 

03.. 


do 

Omori, north-south component. 


12 26 37.... 

53.. 


do 

Omori, east-west component. 
Observatory, R. T. C. 


12 26 36.... 

35.. 

iv-v 

do 


12 26 41.... 

9 47 61... 1 



do 

Observatory, 8. E. 

Omori, north-south component. 

June 10,a.tn 

1 47.. 


do 

9 47 51.... I 

2 32.. 


do 

Omori, cast- west component. 


9 47 55 



do 

At Faculty Club, 8. £. 

At home. Asleep, A. 0. L. 

2011 Bancroft way, R. T. C. 


9 48 05.... 

30.. 


do 


9 47 47.... 
11 10 48.... 


iii 

do 


. 



do 

Omori. (Doubtful shock.) 


K.a. A.-R.a Aitken 
S. A. S. Albrecht 
W. B. William Barry 

A. H. B. - A. H. Bell 

C. B. =» Charles Burkhalter 
K. B. K. Burns 
(5. W. C. - G. W. Call 
W. W. C. » W. W. Campbell 
R. T. C.-R. T. Crawford 
N. £. Nelson Eckart 


KEY TO INITIALS. 

W. R. E.-=W.R. Eckart 
S. E. -• S. Einarson 
E. A. F. - E. A. Path 
C. W.F. = C. W. Friend 
G. K. G.»G. K. Gilbert 
A. M. 11. Adelaide M. Hobe 
J. N. LeC.-J. N. LeConte 
A. O. L. ■> A. O. liouschner 
F. L. Finette Locke 
J. D. M. a James D. Maddrill 


W. H. M.*=W. II. Martin 
A. G. Me A. = A. G. McAdie 

B. L. N. » Burt L. Newkirk 

C. D. P. = C. D. Perrine 
J. G. P. « J. G. Plummer 
H. F. R. » H. F. Reid 

J. A. S. « J. A. Shaw 
E. S. » E. Smith 
I H. S. ~ Irving H. Snyder 
S. D. T. « S. D. Townley 
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COlffPAJilSON WITir OTHER SEVERE EARTHQUAKES IN THE SAME REGION. 


THE EARTHQUAKE OF 1868. 

The carthciuakci of October 2], 1SG8, was most severely felt in the region about San 
Francisco Bay, particularly on the east side in the vicinity of Haywards. The time 
of its occurrence is variously statwl from 7*' 47"' to 7'' 54™ a. m. It gave rise to tlisasteis 
in the city of San Francisco, and some people recalling the event vividly are of the opinion 
that the shock was as seven; as that of April 18, J90(). Early in the investigation of 
tlie latter earth(juake, it becaiiK; appanmt that the rolationshi[) of the two (;arthquakes 
would be an essential part of the iinpiiry. Shortly aft(;r the earthquake; of 18()8 a com- 
mitt(;e of scientific men undertook the collection of data concerning the effects of the* 
shock, but th(;ir report was never publislwKl nor can any trace of it be found, altho 
some of the membei’s of the committee are still living. It is stated that the report was 
supprest by the authorities, thru the fear that its publication would damage the 
r(;putation of the city. Our knowledge of that (;arthquake is therefore not very full, 
and is contained chiefly in the newspaix;r reports of that day. A summary of this data 
is given in Holden’s Catalogue of Eartlniuakes,* and by Griesbach.* 

With the object of supplementing the facts regarding tin; eartluiuake of 18(>8 recorded 
by Holden, for the purpose of comparing it with that of IIMM), an impiiry was .started 
and intrusfed to Mr. A. A. Bullock. This gentl(;man has review;;;! (he p;‘ri;>;li(;als ;)f tlie 
time, an;l has interviewed many pe;)j)l;: wh;) ;>xp;;rien;;;‘; I th;; slmek. H;; has al.so ;;.\- 
amin;;d the r;;gi;>n of ma.ximum intensity, ami has ha;l, ;)n sev;*ral ;)f his trips, tin* gui;l- 
an;:e of ol;I resi;lents. In resismse t;) a mju;*st by the (\)mmissi;)n, s;‘veral p;‘;)pl;‘ 
hav;; written an account of th;*ir expericnc;;s at the tim;; ;)f tin; earthquake of 1868. in 
this way a c;)nsiderable body ;)f valuable information has be;;n gotten togeth;*r, which 
supplements t;) an important d;;gree the extant accounts ;)f that eartlniuak;*. 

THE FAULT-TRACE. 

It appears from Mr. Bull;)ck’s inquiries that the earth;)uake of 18(58 was ;lueto an 
earth-m;)v;;m;'nt ahmg llu; liase of the hills which overlook San Francisc;) Bay on th;; 
east, an;l whi;-h are often ref;:rred to, particularly farth;;r north, as the Berkek'y Hills. 
Tlu'se hills pre.sent a remarkably even, straight front, an;l without ;loubt r;‘pr;;sent 
a degrad;:;! fault-scarp. Along the base of this scarp a crack open;;;! on the m;)rning 
of October 21, 18(58. This crack is regarded as the tra;;;; of th;; fault which caus;xl th;; 
eartluiuake. Its p;)sition has been ;letennine;l at intervals along a nearly straight line 
from the vicinity of Mills College, cast of Oaklaiul, to the vicinity of Warm Springs near 
the Santa t’lara C;)imty line; but the evulencc ;)f its existence t;) th;; northwanl of San 
Lcaiulr;) is not very satisfactory. The county was then unsettled, aiul the inforrnatum 
c;)nsisted of reports of cow-boys riding the range. From San Leandro southeastwar;!, 
however, the evidence is full and conclusive. The general treiul of the fault is north- 
west-southeast ; or, to be more exact, N. 37° W., a bearing alnujst the sam;; as that ;)f 

^ Siiiitlisoniaii Mist;. Coll., vol. xxxvii, 1S98. 

* Milt. (I. k. k. (ico^rii|)}i. Coscllscli. in Wioii, Baiul xii, lS(i9, pp. 2:ii. 
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A. now mill, laywardi. WrMkodbjeart1iqiiakeofl868. B. EdmoDMm’iwarohoiiie,Ha 7 irardf. ¥reo1ndbj earthquake of 1868. 



0. Tw.W1qr«rth»irt.rfl888. D. Ptaw-, ]fc,w«d.. i;.rth,ak.«fl868. 




E. Haywarda. WiookofMdiagibyearthqaakeoflSSS. P. Ooiirt-honie,Sa& Leandro. ¥reokedbyoarthqnabofl868. 


From photographi proNrred by Kti H. Bendol. 
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EflMti«ftlMMrtliquki«fl868ii8iAFnttelNO. Fm prMtmd bgr Mr. E. BtadiL 
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the fault-trace of 1906 along the San Andreas Rift. The position of this fault-trace is 
shown on map 4. While in general it lies along the base of the old degraded scarp, it 
is still, for the most part, within the hill-slopes and not in the alluvium which extends 
from the base of the hills. In some places when; it ci’ost the lower ground, the crack 
showed faulting or displacement of 8 or 10 niches, but from the accounts given it is not 
clear in what direction the faulting took place. The statements indicate a slight down- 
throw on the southwest side. In other placas a displacement of 3 feet is said to havi; 
been olisorved. In places the crack along the fault-trace opened to a very considerable 
deiith with a width of 10 or 12 inches, and remained open until filled with falling earth. 
On the higher ground of the hill-slopes no open crack was observed; there was merely 
the trace of the rupture in the sod. This fault-trace could be followed at intervals for 
20 miles southeast from San Leandro, and it had a straight course without regard to 
the contour of the hills. In some places it was quite at the bottom of a hillside, while 
at oth<!r places it was high on the slope ; and on at least one low hill it past near the 
top thru a .saddle-like depn^ssion. S])ring.s are common along the base of the hills, 
and the fault-trace was above the springs. According to the testimony of old residents 
th(! How was not affected by the earth-movement.* In the hills to the northeast of the 
fault-trace, how(!V(!r, new springs were started and old ones revived, altho some few 
ceased flowing. 

Tliat the crack extended down into the bedrock is testified to by many who observtsl 
clo.sely. Three men niported that they tried to sound the bottom of the crack, but were 
unable to do so. In the vicinity of Haywards it is reported that th<‘re wen; two branch 
cracks from the main one, trending off into tlu; hills. Wafer and sand were ej(;cted 
from the crack in one place. 

Between Decoto and Niles the crack left tlu; bast; of the hill front, and deviating slightly 
from its general trend thus far, erost tlu* plain of the alluvial fun of Alameda Creek at 
the mouth of Niles ('anyon to the foot-hills at tlu; town of Irvington. For the greater 
part of this distance, it a])p(‘ar(*(l as an open itrack. It past thru a lagoon about 
mile ill length, following clo.s(;ly tlu; lunger axis of the dej)re,ssioii, and the water of 
the lagoon was drained out., ajiparently into the cmck. At Irvington the crack became 
(;oineident with the vi'iy straight and even ancient fault-scarp of the foot-hills .south- 
east of that town. This ancient .scarp has a strike of N. 38° W. Beyond this it was 
not observed farther than Aqua Caliente Creek. 

Immediately to the east of Mission !San Jose, entirely within the hills, another crack 
opened with a .strike of N. 18° to 20° W., which, converging upon the crack thus far 
traced, extended south as far as the county line. 

The greatest intensity of the earthquake was along the crack and in its vicinity. On 
the projection of this line southward into Santa Clara County, the intensity diminishl 
steadily as far as Morgan Hill, where it again rose. At Gilroy, Hollister, and San Juan, 
according to reports, the intensity wius sufficient to throw ilown a few chimneys and to 
crack some brick and adobe buildings. 

The greatest damage was done at Haywards, where nearly every house was thrown 
off its foundations; while at San Leandro the shock was le.ss severe. (See plate 144.) 
A house near old Blair Park, in the present Piedmont district of Oakland, was badly 
damaged. The only other town of that date in close proximity to the fault-trace was 
Mission San Jose, which lies in the hills a few hundred yards west of it. In this town 
were several adobe buildings, one of which, a church, was wrecked. Many chimneys 
were thrown, but the general effect was much less severe than at Haywards. 

* Th(^ gcntlomun wJio chiefly aided Mr. liullock in tracing out this crack are Messrs. W. Smith, S. Huff, 
and MetJarthy, of San L(*andru; Messrs. (). Hill, F. F. Allen, F. Wi’edo, and H. V. Monsen of Haywards; 
Mr. Decoto, of Decoto; and Mr. W. Berry, tif Niles. 
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In general, the direction of throw of objects was north or south. From several tanks 
the water dopt north and south. Nearly all the chimneys reported were thrown 
either north or south. Several frame houses were thrown south. One of these, 0.5 
mile south of the line of the fault, was thrown 4 feet and another on the line was violently 
thrown 6 feet. 

Several people report that rumblings preceded the shock, coming apparently from 
the south or southwest. Others saw a wave-like motion set up in the surface of the 
ground approaching from the south or southwest. 

THE EFFECT OF THE EARTHQUAKE IN BAN FRANCISCO. 

At San Francisco and nearby points the earthquake lasted for about 42 seconds. 
It was in general north and south.* A second shock followed the first at O'* 23”* a. m., 
and lasted for 5 seconds, with the same direction as the first. Until about 12*' 15" p. M., 
light shocks continued to be felt about every 30 minutes; and inside of the 24 hours 
immediately following the initial shock, 12 minor shocks were felt. The first indication 
of the approach of the earthquake was a slight rumbling sound, coming apparently 
from the direction of the ocean. The sound was heard very distinctly in the lower part 
of the city, but the residents on the hills do not appear to have heard it. {San Francisco 
Times, Oct. 21.) The shock commenced in the form of slow, horizontal movements. 
The oscillations continued from 10 to 15 seconds, growing more rapid and more violent 
for 6 or 7 seconds, then partially ceasing for 3 or 4 seconds, then increasing in force and 
rapidity for 4 or 5 seconds, then suddenly ceasing. {AUa California, Oct. 22, 1868.) 

There were no abnormal barometrical changes at the time of the earthquake. No 
chronometer in Mr. Tennent’s office was disturbed or showed any change of rate. The 
pendulum clock in his office was not stopt. A transit instrument erected on Russian 
Hill, belon^ng to him, was not distm-bed in the slightest degree. Two magnets, one in 
his office and one in charge of a friend, showed no loss of magnetic power. One was 
loaded to its full extent, and the slightest loss of power would have permitted the weight 
to fall. {Bvllelin, Oct. 22, 1868.) 

The portion of the city which suffered most was that part of the business district, 
embracing about 200 acres, built on “made ground”; that is, the ground made by 
filling in the cove of Yerba Buena. (See plates 145 and 146.) The bottom of this cove 
was a soft mud varying from 10 to 80 feet in depth, and the material used to fill it was 
largely “dump” refuse, much of which is organic and hence perishable. Many of the 
buildings of that period were built flat on this filled mud, without piling, and before 
the land had had time to become firm. On this made land there was a very evident 
belt of maximum damage several hundred feet wide and running about northwest and 
southeast, commencing near the custom-house and ending at the Folsom Street wharf. 
One account of this belt goes so far as to trace 8 or 10 distinct lines of maximum dis- 
turbance, practically every building on these lines being more or less damaged, while 
none outside of these lines was seriously injured. 

In many places the made land settled. At the junction of Market and Front Streets, 
the ground sank for a foot or two, and there was evidence that the tide had risen in the 
adjoining lot at the same time, for a pond of water collected and remained until low tide. 
On Pine Street, near Battery, the cobbles on the south side of the street sank away from 
the curbstones to the depth of 1 foot in some places; and the asphalt sidewalk on the 
north side was twisted and tom out of all shape, and its connection with the curb-stone 
severed. {AUa California, Oct. 22, 1868.) 

‘ Thos. Tennent, agent U. 8. Coast Survey, in Alta California, on Oct. 22, 1868, reports it as lasting 
46 seconds and as being from southeast to northwest (nearly) in direction. 




EAItlHCiUAW; Cn'fSSTlQATION 


PLATE Ni 

M A P 

PORTION OF SAN FRANCIS 

J>H 0 W 1 N(; 

THEDISTRIBITIONani) DfXiWJEoFlltttt' 

CAUSEI^ THE 

EAHTIIQUAKE of 1060 

Q ^ IN REI.ATION T() THE M.\UE LANl , 

FEET 



.luAkir'iACC 


loro I itn 





COHPAKISON WITH OTHER SEVERE EARTHQUAKES IN SAME REGION. 43Z 


At the corner of First and Market Streets, the ground opened m a fissure several indiies 
wide^ At other places the ground opened and water was forced above tlie surface. (San 
Francisco Bulletin, Oct. 21, 1868.) At Fremont Mid Missfon Streets the ground c^netl 
in many places. (Alta California, Oct. 22, 1868.) The general course of damage in 
the city was along the irregular line of the “made land,” or low alluvial soil, where it 
met the hard or rocky base beneath it.. Along the line of the old shore of- Yerba Buena 
Cove, we fouml the damage to brick buildings much the largest. (George Davidson.) 
The custom-house, at the comer of Sansome and Clay Streets, was hurled south, by 
what seemed to be an undulating motion,jind plaster fell. (Bulletin, Oet. 22, 1868.) 

The outstanding portico on the cast side of the customshouse was so badly shattered 
that it had to be removed ; the main building stood fairly well, but one of the chimneys 
was broken across at the roof-line and turned thru m angle of over 45°. (George 
Davidson.) 

The ground floor and tlie foundation of the old Merchants’ Excliangc appeared to 
have taken a difTcrent motion from the upper portion. The arch over tire main corridor 
appeared to have been crusht. Just underneath the center, the matting was raised 
2 inches. The corresponding arch at the south end of the corridor was alsa damaged, 
and there was a similar protuberance under the matting bommth it. Smaller arches 
at rfght angles to the main arches described were crusht in siniilar fasliion. The north 
and south walls of the building, at the second door, over the main arches, opened in 
large cracks. (Bulletin, Oct. 22, 1868.) 

A 3-story brick structure on the comer of Market and Battery Streets, in an 
unfinished condition, was completely tlwown down. Several different reports state, 
however, that it was very poorly constmeted. In the Union Foundry, on.First Street 
at the comer of Market Street, most of the machinery was displaced. (Son Francisco 
Bulletin, Oct. 21, 1868.) 

The floor of the Pacific foundry was raised about 2 feet in places. The center of 
.Mission Street (opposite Fremont Street) exposed an opening from 8 to 10 inches wide; 
and openings of the ground were also ]:dainly to be seen on Fremont Street, in the same 
vicinity. (San Francvtco Bulletin, Oct. 21, 1868.) 

Outside of the immediate district described above, damage to the rest of the city was 
very meager. It will be noticwl in the following notes, and by a consultation of the map 
of San Francisco, plate; 146, that the region of greatest agitation was confined to the 
low ix)rtions of the city, or the vicinity of some old crock bed or swamp. 

The flat between Howanl Street and Mission Bay was more severely shaken than 
Russian and Telegraph Hills; but the damage, save to chimneys and plaster, was slight. 
The only serious injury on Kearney Street was done to a building on the east side of the 
street. The building was an old one. At the corner of Fifth and Market Streets a fire- 
wall was thrown down. At the comer of Fourth and Bryant Streets, walls were crai^ked 
and damaged ; Fourth Street near Bryant opened in places and at the crossing of Harri- 
son and Fourth the railroad track settle<l about 8 indies, the planks between the rails 
rising about 10 inches. The Liiuxiln School-house (east side of Fifth Street near Market 
Street) was badly damagcnl, most of the chimneys being broken but none thrown down. 
The large statue of Lincoln in front of the building was ruined, but was not thrown off 
its pedestal. (San Francisco Bulletin, Oct. 21, 1868.) 

The largo chimney of tlie sugar refinery on Eighth Strc(;t fell in, crashing thru the 
ceilings. (I^etter to New York Times, .Oct. 21, 1868.) 

A drug store at the corner of Fifth and Folsom Streets had its entire stock de- 
stroyed by falling. The chimneys of the Mission Street public school (west side of 
Mission Street between 15th and 16th Streets) toppled off some bricks. (Alia Cali- 
fornia, Oct. 21, 1868.) 
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A part of' the brick walls of the new Calvary Church (Geaiy and Powell Streets) fell. 
A small crevice opened, as in 1865, on Howard Street beyond Sixth Street. No damage 
was sustained by the dry-dock at' Hunter’s Point. On the beach at the foot of Webster 
Street, below high-water mark, a fissure opened, extending lengthwise with the water. 
The stream of a sewer running from the Laguna to the foot of Webster Street into the 
bay, hitherto clear, immediately turned inky black. (Alto California, Oct. 22, 1868.) 

The sugar refinery at North Point, a 7-story brick structure, surmounted by a tall 
brick chimney, was injured to the extent of losing 6 or 7 feet of its 100-foot chimney. 
A large fissure was made in the high bank near Fort Point and the shock was felt severely 
at the Fort. (San Francisco Times, Oct. 22, 1868.) 

At the Cliff' House nothing unusual took place, with the exception of a decided com- 
motion in the ocean and* an impetus given to the every-day wave which sent it well 
inland, say 15 or 20 feet above the usual mark. The shock, however, did no damage, 
not even upsetting any of the glassware in the bar. {Alta California, Oct. 22, 1868.) 

Upon Russian and Telegraph Hills the shock was not very damaging. In some houses 
on the latter ornaments were not displaced from the mantel and the inmates did not 
come to the doors. In others, books and ornaments fell down and marble mantels were 
started from their places. The oscillations on Russian Hill were more severely felt. 
There was a pretty general stopping of clocks, some cracking of plaster, and throwing 
down of light articles. {San Francisco BvUetin, Oct. 21, 1868.) 

A pail of water, two-thirds full, on the ground at the summit of Russian Hill, slopt 
over both sides. {Alia California, Oct. 22, 1868.) 

The colored Masonic Hall, Stockton Street between Pacific and Broadway, a 2-story 
brick structure, was badly wreck(Kl. {San Francisco Times, Oct. 22, 1868.) 

From the meagemess of reports it is certain that no great loss was occasioned by the 
parting of water mains. The Bulletin for October 21 reports that the water at the 
Mission was shut off by the pipe being disconnected. In several parts of the city the 
water-pipes broke underground and caused some loss of water, but the water company 
soon had all repairs made. No fires are reported in the u])per Mission district during 
the 24 hours following the earthquake. At Laguna Honda (a natural reservoir and the 
chief source of water supply, 2.5 miles west of Valencia and Market Streets) the water 
was violently agitatml and the waves met in the center, throwing up a large jet several 
f(!et into the air. {Alla California, Oct. 22, 1868.) 

The first alarm of fire was given shortly after 8 o’clock from Box No. 26 (northeast 
corner of Clay and Battery Streets). The fire was in Wellman and Peck’s grocery (Fmni 
and Clay Streets) and was caused by matches. The chief damage was caused by water. 

During the night following the earthquake, three fires occurred in the wholesale dis- 
trict, but there was no lack of water and all were quickly extinguished. 

In the Fire Commissioner’s report in the Municipal Records of San Francisco for 1868^- 
1869, the following losses by fire are recorded: September, 1868, 824,229; October, 
ISttS, .$133,564.46; November, 1868, $19,920; December, 1868, $82,019. 

The force of the shock was distinctly felt on the bay and as far as 15 miles wc'st of the 
heads, but no great afdtation of the water is reported. The tide-gage at one of the (Jov- 
emment stations indicated no unusual rising of the tide. {San Francisco Times, Oct. 
22, 1868.) 

There was no tidal wave accompanying the earthquake. The passengers on a ferry 
steamer (off Angel Island) felt the shock and supposed for the time that they were 
aground. Many other boats reported the same experience. Two boatmen in a White- 
hall boat off Fort Point report a heavy nimbling sound coming from the water. Their 
boat was shaken and whirled rapidly around (before the rollers reached them) and 
shortly they met 3 heavy rollers coming from the northwest on a calm sea. {AUa Cali- 



COMPARISON WITH OTHER SEVERE EARTHQUAKES IN SAME RFXIION. 489 


fomia, Oct. 22, 1868.) The shock of the earthquake was distinctly felt at sea near San 
Francisco. Captain Tobey, of the ship Padolus, reported being at anchor in deep water 
about 15 miles west of the Heads when the shock took place. At first it seemed as if the 
vessel were passing over a coral shoal and striking quite heavily. The noise and motion 
made it seem as if the ship were dragging, with her chains also slipping out. {San Fran- 
cisco Bulletin, Oct. 22, 1868.) The ship Cesarevfitz felt the shock nearly out at the Faral- 
lones; the brig Orient, bound in, 8 miles out, experienced the shock heavily. Pilot 
Murphy, on a transport bound out, reported that the bark seemed to have struck Imt- 
tom, her progress being impeded ; and the ship, especially the yards and masts, tn)m)>l(>d 
violently. (San Francisco Times, Oct. 22, 18^.) ' 

The total list of casualties due directly to the earth(]uake numbered 5, and alx)ut 2.5 
more occurred from secondary causes. The total loss of proi)crty was varioasly stated 
from $300,000 to $5,000,000. However, a careful estinmte of damages made a day or two 
after the disaster, placed it at about $350,000. (San Francisco Bulletin, Oct. 23, 1868.) 

THE DISTRIBUTION OF INTENSITY THUUOUT THE STATE. 

Healdtburg. — A good shaking. Heaviest shock ever felt. (Demorralic Standard, 
Oct. 24, 1868.) Lasted about 10 seconds. Vibrations north and south. Clocks stopt. 
{AUa California, Oct. 22, 1868.) 

GvemeviUe. — The earthquake was of great severity. It frightened my horse and 
he started to run away; but a large tree which had been cut nearly tltfu by choppers, 
and which they felled a few moments after the shock, was not overthrown by the shock. 
(I. E. Thayer.) 

Santa Rosa. — Severest shock yet felt. Lasted 10 seconds. Nearly all brick buildings 
in town more or less injured, l^ny chimneys down. {Alta California, Oct. 22, 1868.) 

Violent and somewhat protracted earthquake. Vibrations at first from west to oast, 
but suddenly changed from south to north, and continued about a minute. Damage 
to property considerable. Several brick buildings cracked. At Windsor it was lighter 
than in Santa Rosa, and farther north still lighter. At Sonoma, Sebastopol, Bodega, 
and elsewhere, the shock was severe but little damage was done. {Santa Rosa Democrat, 
Oct. 26, 1868.) 

Petaluma, — Vibration north to south, 10 seconds in duration. Several brick build- 
ings injured and many chimneys. {AUa California, Oct. 22, 1868.) Oscillations from 
cast to west; 3 distinct shocks lasting in all 10 to 15 seconds. {Petaluma Argus.) 

San Rafael. — Terrible shock. Vibrations southeast to northwest, for fully a minute. 
{AUa California, Oct. 22, 1868.) 

Napa. — Violent shock in northeast direction for 30 seconds, accompanied by low 
rumbling sound. Some slight damage. {Alta California, Oct. 22, 1868.) 

Most severe shock ever felt. liasted 40 seconds. No serious damage to buildings. 
Five mil(!s west of Napa a numlicr of trcHis were overthrown. {Napa Reporter.) 

VaUejo. — Earthquake stwere. Many chimneys down. {AUa California, 0(!t. 22, 
1868.) Heaviest shocks ever felt in ‘N’^allejo. One chimiuty and some plaster down. 
Dishes thrown from shelves. Bay smooth. {Vallejo Recorder.) 

Mare Island. — Chimneys were thrown, and some buildings were considerably shaken. 
Shock accompanied by rumbling sound. 

Chico. — A jicrccptible moving of the earth. Lamps and dishes rattled. {Chico 
Courant, Oct. 23, 1868.) 

Colusa. — Slight shock. Not over a dozen people noticed it. {Colusa Sun.) 

Marysville. — Shock very light ; noticed by a few only. {AUa California.) 

Sacramento. — Pretty heavy shock from southeast to northwest. Plaster cracked. 
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Lasted 20 to 30 seconds. Water in the river receded, shoaling vessels, and then rose 
with a rush. (Sacramento Union.) 

Knighi’s Landing. — “1 was running a flour-mill at Knight’s Landing in 1868. While 
the shock was not unusually severe at that place, it did some damage. The gable end 
of the mill warehouse was thrown down, not by the vibration of the quake, but by a 
pile of wheat being thrown down against it and forcing the end of the building out. 1 
was out in a pasture at the time, pumping water for stock, and noting the water sloshing 
from one end of the trough to the other, 1 wondered as to the cause, as I had not felt 
the shock on account of the motion of my body in working the pump. On looking up 
1 noticed the trees swaying back and forth, with no wind, and I knew it must be an 
earthquake. There was some little loss in the town in the way of broken crockery, 
chimneys, etc. The heaviest shock was along the edge of the valley near the Coast 
Ranges. In this county it was heaviest at Winters, where it demolisht John Wolf- 
skill’s house, a stone building, and did considerable other damage.” (E. H. Eastham.) 

Woodland. — Two severe shocks, from southeast to northwest, lasting a minute. (Alia 
California, Oct. 22, 1868.) 

Suisun. — Severe shock, north and south. Slight damage. A few brick buildings 
cracked. (Solano Sentinel, Oct. 22, 1868.) 

Solano. — Severest shock ever felt. Sudden upheaval, attended and followed for 
nearly a minute by a swaying in a north and south direction. No damage except cracks 
in walls. (Sacramento Daily Union, Oct. 24, 1868.) 

Martinez. — Sonie buildings damaged by cracks. Waters in front of town caused 
to dance. Fish rose to surface. (Martinez Gazette.) Court-house wrecked. (Holden.) 

Walnvi Springs. — Heaviest shock ever felt. Goods in store thrown from shelves. 
(AUa California, Oct. 22, 1868.) 

Antioch. — Severe shock from southwest to northeast for 30 seconds. Several fissures 
formed in the ground. (Soaumento Daily Union, Oct. 23, 1868.) 

Beneda. — At the repairing works of the Pacific Mail Steamship Company, an iron 
shaft of one of the side-wheel steamers was lying on the ground in a north-south direc- 
tion. The earth moved from under it 9 inches, lengthwise, but in what direction is not 
recorded. (George Davidson.) 

Stockton. — “I was then 13 years old. With a younger brother and a third boy I 
had, on the morning of October 21, 1868, gone to the edge of the tuln marsh about 2 
miles southwest of Stockton, to shoot ducks. The morning Bight of binls was over, 
and we were returning home. My brother had his gun at the shoulder and was aiming 
at a meadow-lark when the earth movement comnumced. The lark flew up without 
apparent cause, the gun moved up and down slightly, and T at once had a fcnlitig that 
something unusual was liappening. Within a few seconds the water-fowl, hidden fronj 
us by the tule but in countless numbers, rose with a noise like rolling thunder and took 
flight toward the west; while O.r) mile to the cast a small band of cattle, with heads 
down and tails in the air, were racing across the country. By this time the earthquake 
was probably at its maximum, and, looking east, 1 could distinctly see the ground’s 
surface in wave-motion, the waves apparently moving across the line of vision. During 
the time this motion continued, it was not pt^rccptible as a vibration to the sense of feel- 
ing. All three of us admitted, however, that the earth felt insecure under foot. We 
could detect no effect on the water surface of the swamp. Stockton escaped with only 
here and there a cracked brick wall.” (C. E. Grunsky.) 

Most severe shock ever felt. Vibration from northwest to southeast. West of Lodi 
and Woodbridge, shock was as severe as in Stockton. (Stockton Independent.) 

In a slough water was thrown into ebullition to a height of 2 feet for a few minutes. 
(Stodeton Gazette.) 
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Berkeley. — The State Institution for the Deaf, Dumb, and Blind lost 11 chimneys and 
2 gables, and roar walls were cracked in several places. {Oakland News, Oct. 21, 1868.) 

Oakland. — Shock preceded by a rumbling sound. Pans of milk and tubs of water 
emptied almost in a moment; trees whipt about like straws; many houses twisted 5 
or 6 inches out of square, particularly those on brick foundations. The crashing of 
falling brick at the Deaf, Dumb, and Blind Institute was heard a few blocks to the 
south before the shock was felt. Chimne 3 r 8 very generally down, particularly those 
on south and east sides; in some parts all chimneys thrown. Many chimneys twisted, 
if not thrown. Many brick buildings were shattered, and several wharves went down 
with loads of brick, coal, hay, etc. In Brookl)m, as in Oakland, many chimneys were 
broken off at the roofs. (Alia Calif omia, Oct. 22, 1868.) 

The drawbridge of the San Francisco and Oakland Railway was thrown out of place 
about 8 inches. (Centennial Book of Alameda County, p. 266.) 

Thruout the city chimneys and walls fell south. (Oakland Nev>s.) 

Of two houses next each other the older one stood on posts 4 feet above the ground, 
while the other was supposed to be earthquake proof. The basement walls were solid 
and of good workmanship. The old house was badly shaken, but not injured; the 
earthquake-proof house had the basement walls cracked, all the ceilings thrown down, 
and the marble mantel in each of the rooms tlirown upon the floor. (Geo. Davidson.) 

Alameda. — Shook very severe. Scarcely a house escaixjd uninjured. (AUa Cali- 
fomia, Oct. 23, 1868.) 

Ban Leandro. — The earthquake was much more severe than in Oakland or Alameda. 
Not a building escaped some injury. Chimneys fell north and south. The court-house 
was in ruins. A tank 10 feet wide and 6 feet deep was entirely emptied of water. The 
bed of San Leandro Creek, which had been dry for several months, became filled with 
a stream of water 6 feet wide and a foot deep. A team of mules descending a hill 9 miles 
cast of Haywards, were thrown to their knees. A riunble preceded the shock. The 
rangers on the old Peralta rancho said the crack past through the foot-hills on to Oak- 
lanil. (Various old residents.) 

San Lorenzo. — The limbs of a sycamore tree, 24 feet high, struck the ground. 
(G. Hyde.) 

Flat irons and a kettle were jesrked off the stove southward. (Mrs. Adams.) 

House and barn were both prostrated. (Mrs. E. H. Gansberger.) 

A house was thrown off its foundations. Chimneys were thrown northward. 
(E. Llewellyn.) 

Haywards. — The crack past diagonally up the Haywards Hill and crost 3 feet from 
the south corner of the old hotel; past just east of the Odd Fellows’ Building, through 
the Castro lot, tearing off a corner of the adobe house which stood where the jail now 
is, on through Walpert’s Hill toward Dccoto. By the hotel the crack first opened 18 
to 20 inches, but soon closed to 5 or 6. It was of unknown depth ; several balls of twine, 
tied together, with an iron sinker, failed to find bottom. There was no water in the 
fissun^, for the iron came up dry. P’rom the corner of B and First Streets another crack 
past nearly eastward toward the hills, and faded out by the sulfur spring about 1.5 
miles distant. (Mrs. Wm. Haywards.) In a general way, the crack from Haywards 
to beyond Decoto past from 100 to 300 feet above the base of the hills. Practically 
not a house was left on its foundations in Ha 3 rward 8 . At one place south of town the 
fault showed a throw of some 3 feet. (W. H. Weilbye.) 

“Since October 5, 1862, 1 have lived in Haywards, Alameda County, and I well remem- 
ber the earthquake of October, 1868. Being lame and having used a cane from childhood, 
I had never walked without it until that morning. I was working in my shop at the 
time. On feeling the terrible shock, and on the impulse of the moment, I managed to 



442 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


get out of the building and into the street, some 18 feet distant, but on recovering from 
my fright 1 found I had left my cane in the shop. 1 numaged to get back into the build- 
ing, got my cane, and started for my house only a few yards away. The house had been 
thrown from its foundations, the chimney had been tom from the roof, and the porch 
had been wrencht away. Dishes were broken and everything was in confusion. 1 
discovered that most of the houses were in the same condition as my own — thrown 
from their foundations, with chimneys down, porches knocked sideways, etc. All the 
while the ground was shaking and continued to shake for days and even weeks; but 
each shock was lighter tlian the last. On a certain piece of ground near the Haywards 
Hotel there was a common board fence, the boards abutting on tho post. After the 
quake the boards lapt one over the other about 5 inches, the ground seeming to have 
been prest together that much. On going down the county road toward Oakland, we 
came to Mr. A. L. Rockwood’s house, which had been thrown from its foundation and 
one end thrown into the cellar. The house was badly wrecked. In the south part of 
the town there was a floiu’ mill on a foundation about 4 feet high. This building was 
thrown to the ground and wrecked. On the ground which is now the plaza stood a new 
brick warehouse filled with grain from the season’s crop. The building was completely 
tom to pieces; grain was spilt from the sacks, and everything was in a mess. Tho 
building was 300 feet long by about 60 feet wide. A wooden warehouse about the same 
size shared the same fate as the brick. On B Street the ground opened about 2 inches, 
and water and sand were forced from the opening. Some springs were closed, while 
others were opened or made to flow more freely. Many wells were affected in the same 
manner. Mr. Charles Herman, who was in the baking business, was driving back to 
Haywards after delivering bread. Looking up the road, he saw the groimd coming 
toward him in waves, and when the motion struck his horse, she went down on her knees. 
Mr. Herman thought the world had come to an end. As he neared the San Lorenzo 
Creek, he noticed that the water had been thrown out of the bed of the creek on to the 
road. 

“ At San Leandro the carthqtiake destroyed tho brick court-house, which was then 
located there. A Mr. Joslyn was killed in attempting to escape from the building. 
Many buildings were much damaged in that town as well as in Haywanls. The earth- 
(juake was the direct cause of the death of 2 pi^rsons in Haywanls.” (CJeorge A. Goodell.) 

The crack past thru a gravel quarry pi'actically on the summit of the first range of 
hills. (0. HiU.) 

The crack below Haywards Hotel was 12 inches wide. It ejected water and white 
sand. A fence which traversed a hill from north to south was crost by the crack, and 
had the ends of the boards loosened from the posts. Gradually these boards lapt over 
one another, until within a couple of weeks they overlapt several inches, the progress 
of the overlapping being noted from time to time by a pencil mark. The “cap” board 
of the fence was also archt up in consequence of this movement. Large waves were 
set up in the soil. The house was moved southward, while a neighbor's was tipt north- 
ward. (D. S. Malley.) 

The rumbling preceding the shock came very distinctly from the bay, and the plain 
in that direction rolled like huge waves of the sea coming toward Haywards. (F. Allen.) 

The crack opened parallel to Castro Street, 35 to 50 feet below Haywards Hotel. The 
fence passing diagonally up the hill was shortened 6 inches. (P. McKeever.) 

A stove in the house was thrown north. (J. Wolput.) 

A crack 3 to 4 inches wide started from the Powell place and struck across toward the 
county bridge next to Nettleton’s, jiassing west of it; crost the creek, demolisht a fence 
completely, and past on toward the Strowbridge residence, where the house was badly 
shattered. (Mrs. Hamer.) 
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The shock was from southwest to northeast. The ground opened from 6 inches to 
2 feet, and water with sand was ejected to a height of from 1 to 3 feet. North of the 
village a ridge of ground 3 feet wide was raised 2 feet. By the time the shock was over, 
nearly the whole place was in ruins. Near Hayward’s Hotel the hill shifted a good deal, 
and a crack opened for several hundred feet. On the hills there were several new springs. 
In the first 12 hours after the main shock there were 36 after-shocks. Between Hay- 
wards and Mission San Jose there were numerous cracks, so that it was difficult to drive 
a stage between the two towns. (Alta California, Oct. 22-25, 1868.) 

Mt. Eden. — All the shelving on south side of the 2 stores of the town was thrown 
down. (AUa California, Oct. 22, 1868.) 

Alvarado. — Shocks were violent. The ground opened in several ])lac(‘S an<l water 
issued. (Alla California, Oct. 22. 1868.) 

Centerville. — A dwelling-house was partly destroyed and 2 stores were wrecked. 
Hotel settled 2 feet. (Alta California, Oct. 22, 1868.) 

Roberta' Landing. — “Our house broke in three pieces, each part falling outward. A 
boiler of hot water was on the stove, and with the first deafening jolt, the hot water 
came iny way, giving me a bath 1 have never forgotten. Horses fell to the ground and 
men clung to some quince trees near. 

“Captain Petersen, of the steamer San Tiorenso, who is now deceased, was walking 
along the road to Roberts’ Landing when he heard a great nimble off across the fields 
toward San Leandro. He lookt quickly in that direction, and over a mile away could 
see the great wave rapidly approaching. He rushed to the side of the road and had 
caught hold of the fence by the time the shock broke. Near him on the road a 6-mulc 
team was drawing a load of grain, and all the mules fell flat and could not regain their 
feet until the great jolt was over. During the 3 or 4 succeeding days there were 150 
shocks ; none, of course, with anywhere near the extent of the heavy one.’’ (R. C. Vose.) 

Decoto. — Opposite Decoto a crack appeared about one-third of the way up the slope. 
It opened 10 or 12 inches at the surface and faulted alxiut as much on the plains side. 
The level lands waved like the ocean, and the waves seemed to approach from the south. 
(Mr. Decoto.) 

Tyson Jjogoon, south of Niles. — A tank swayed north, then south, and fell. The 
lagoon parted lengthwise down the middle and thnw water and mud both ways. After 
the earthquake the lagoon was dry for 3 years. It has no outlet. Rumblings preceded 
the main shock and many of the after-shocks. (Mrs. Wm. Tyson.) 

A crack went thru the old Shinn place, crost the Centerville-Nilcs road about 0.6 
mile southwest of the Southern Pacific Railway track, and past thru the Tyson Lagoon. 
(H. Tyson.) 

Niles. — The water from the tank slopt nearly cast. Rumblings preceded the after- 
shocks. These were more severe than in April, 1906. (C. Overacher.) 

A crack past thru the Shinn and Tyson places. (C. Bonner.) 

Irvington. — Thru the north side of town a crack split the hillside, opening 7 or 8 
inches and showing a fault of 8 or 10 inches. It crost the country road 500 feet north 
of the Southern Pacific Railway depot. Its trend was N. 45® to 50® W. From these 
low hills the crack seemed to pass over into the tule ponds north of town. The T 3 rson 
Lagoon dried up after the quake. The rumbling preceding the shock came from the 
north. (R. B. Crowell.) 

The railroad tracks north of the station were badly twisted for several hundred yards. 
(M. Torry.) 

In one place the crack on the hillside divided, and formed a narrow island, 8 or 10 
feet across, which dropt below the general level of the sod 8 or 10 inches. Springs were 
opened up on Mission Peak. (H. Crowell.) The crack which past thru the town con- 
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tinued southward down the hillside about 0.& imle Rorthea8t~(tf the rsSway track. It 
opened 5 to 8 inches, not faulting. 

“I was then about 15 years of age.. My home was near livmgt<m. Whm the shock 
came, 1 was alone in the house with ray baby brother. My mother was in the milk house, 
about 10 steps from the kitchen doon^ She called to me to get the baby. Tho i was 
thrown the length of the dining-room,. 1 managed to get the child over ray arm, face 
down, and a pillow on top. Then, ft^ng and crawling, I worked my way back to the 
open kitchen door. My mother was on the ground. Every time she tried to get up, 
she was thrown again, and the milk in the buckets was spilt over her. My two brothers,, 
my step-father, and the hired man were also down and were trying tn get to the house 
by crawling and falling. As I sat there, I could see the ground in waves like the ocean. 
After the main shock, I think we had ItK) shocks during the first 24 hours. The ground 
opened ; wc traced a crack thru town,«nd the ground settled several inches in one 
place. Not a house was left with a chimney on it. Our safe broke thru the floor, 
and the piano was out fn the room nearly^ to the opposite srdc.” (f. McD. Preston.) 

Mission San Jose. — “I was curled up in a big rocking-chair, reading, and my two 
sisters were outside playing, when suddenly there came a swaying of the house. This 
lasted only a short time; then the house l^gan to shake in earnest. My sisters began- 
to cry and scream. I jumped out of the chair to go to them, and ran from the room, 
bumping against both sides of two doors. 1 finally reached the porch and succeeded 
in catching hold of a post. I distinctly rememb<ir t^t the pump in the yard was pump- 
ing as if some one had hold of it ; and small rocks on the hill in front of the house were 
rolling down into the creek. The- milk pans had been resting on shelves of slats; some 
pans slipt entirely out, some only halfway. The milk and cream were on the floor. 
My brother was hauling a load of wheat to San Jose. When the earthquake was at its 
worst, he thought his team was choking down and jumped off his wagon to find he could 
hardly stand. I was told at the time that the water spurted up in the streets of San Jose, 
and out in the road between Milpitas and San Jose, to the height of several feet. The 
old Mission church, which was of adobe, was shaken down, as were several other build- 
ings at the same place. On the mountain above the old Mission, just above a plact; calk'd 
Peacock Springs, a great crack in the earth appiiared, which lookt as if the lower part 
of the mountain had parted and slipt down. Many times I have crost the bridge which 
was built over the crack, and stot^ and thrown rocks down to sec if I could tell how 
deep it was.” (Mrs. N. Ainsworth.) 

Along the hills back of the town and southward, passing thru the present Sinclair 
and Stanford ranches, the crack opcnetl. Generally it was 10 or 12 inches wide, and 
faulted some 18 inches on the valley side. (A. Kell.) 

The shock was preceded by a rumble passing to the northwest. Adobe buil<ling not 
seriously injured. Crack at Irvington and on the side of Mission Peak confirmed. 
(J. Sunderer.) 

Brick store was cracked. Confirms cracks at Irvington. (S. Ehrman.) 

Chimneys fell north and south, as they did also on April 18, 1906. (S. Murphy.) 

T^orm Springs. — The crack past along the foot-hills at an elevation «»f 350 to 450 
feet from Niles southward, back of Mis.sion San Jose, disappearing near the county line. 
In some places the fissure showed a fault of 10 to 12 inches. (H. Curtner.) 

The warehouse and wharf on the slough fell, also Dixon’s house. Cracks in the vicinity 
of Milpitas flowed artesian water for 48 hours after the shock. (Mr. Durkee.) 

Milpitas. — Along Coyote Creek the ground was craeked from Boot’s ranch to the 
San Francisco Bay, the cracks being on the bay side and following the winding of the 
creek. As in 1906 much water was ejected from the cracks, and Coyote Creek rose. 
(W. BeUou.) 
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CaJaveraa Valley. — Only one or two chimneys were dislocated. (J. Patton,) 

Santa Clara County. — Messrs. J. W- Hines and CL Valpey, and Miss Bennett, of San 
Jose; Mr. BL B. Valpey, of Santa CSara; Messrs. F. Anderson and C. B. Mender and 
Mrs. W. Smith, of Berryessa, all of whom were intimately acquainted with this section 
of the country in 1808, report that there was no crack south of the county line. 

Alcatraz Island. — A rumbling sound accompanied the shock, and the island vibrated 
with a jerking motion. (Dr. L. Hubbard, U. S. A., in San Francisco Times, Oct. 22, 1868.) 

Colma. — “1 was then 16 years of age and lived in San Mateo County, a mile or so 
south of the present town of Colma. With my father I was digging and sacking potatoes 
in a field. 1 was sewing up a sack, when my father said : ‘ Look at that mountain. What 
is the matter with it?’ We felt no earthquake, but the mountain seemed to be bobbing 
up and down. A freight train was going north along the S. P. track. Shortly after we 
had observed the mountain apparently moving, the earthquake reached the railroad 
track and the freight train appeared to gyrate like a snake. The next instant we felt 
it. The shock was very severe, throwing us to the ground and knocking over sacks of 
potatoes. A band of loose horses, including a lot of young stock, in an adjoining field, 
ran around the field at great speed, utterly panic-stricken. The house we lived in was 
in a flat some 0.5 mile from where we were at work. When we reached it, we found 
that milk pans in the pantry had been entindy emptied of their contents. Some panes 
of glass were broken and some crockery and glassware were thrown down and destroyed ; 
but the house, a light frame building, was not injured. There were 48 shocks between 
the first one and midnight that night. 

“I do not now recall any serious damage done in San Mateo County. There were 
some landslides occasioned along precipitous hills and creek banks, but the buildings 
in that section were all frame, and none of them were destroyed to my knowledge.” 
(.1. A. Graves.) 

San Mateo. — Vibrations from the north for 15 seconds. {Alla California.) 

Redwood City. — The court-house was wreckwi and other buildings were damaged. 
The shock seemed to come from the southeast ami lasted 30 seconds. {Redwood Gazette, 
Oct. 24, 1868.) 

Mountain View. — Severest (earthquake yet felt. Par worse than that of 1865. Shock 
from northwest to southeast. {AUa California, Oct. 23, 1868.) 

Santa Clara. — Severe shock. Motion northeast to southwest. No serious damage. 
{Alla California, Oct. 22, 1868.) 

San Jose. — “The most terrible earth shock ever experienced in this section since 
the settlement of this country by Americans, occurred yesterday morning at 8 o’clock. 
A dense fog hung over the city at the time, when, with scarcely a premonitory tnmior, 
the shock was upon us in all its force. Buildings and trees seeraeci to pitch about like 
ships in a storm at sea. Fire walls and cliinmeys were thrown down in all parts of the 
city. The heavy brick comice of Murphy’s building at the comer of Market and Eldo- 
ra(io Streets fell to the ground. The Presbytcriair Church has sustained an immense 
damage. The brick turrets are all down, and large portions of the steeple were pre- 
cipitated thru the roof to the floor, crushing the organ and causmg great damage to the 
gallery and fixtures below. The walls of the steeple are almost a total wreck and will 
have to be taken down. $5,000 would not make good the damage done to the church. 
The large water-tank on the roof of Moody’s flour mill fell thru the roof, carrying destme- 
tion in its course. Their wooden store-house, 100 feet in length, filled with grain, is a 
total wreck and the grain badly mixed. Two huge chimneys of the San Jose Institute 
were thrown down, one of them crushing thm into the rooms below. A portion of the 
rear wall of Welch’s livery stable fell. Otter’s unfinished block at the comer of First 
and St. John Streets, sustained a very serious damage. There is not a brick building 



446 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


in the city that is not more or less injured. Brick walls are everywhere wrenched and 
cracked and many of them are ready to fall. Another such shock would precipitate 
many of our brick buildings to the ground. The brick cornice of the Masonic Hall Build- 
ing will have to be taken down, and the entire building, in its present condition, is decid- 
edly unsafe for occupancy. A large quantity of crockery and glassware was broken. 
The destruction of plate-glass windows is very great, and much havoc is done to plaster- 
ing generally. The new court-house stood the shock admirably. Some little crumbling 
of plaster decoration is all the damage it sustained. The lesson of the earth shock is: 
Erect no more high church steeples, and build no more brick buildings above 2 stories 
in height, and those only in the most substantial manner. A second but much lighter 
shock was experienced at about 10*' SO*" of the same day, and shortly thereafter a third 
shock of like character.” (San Jose Mercury, Oct. 22, 1868.) 

Where the Milpitas road crosses Coyote River, the banks were shaken together and 
the river-bed filled up. (San Jose Argus, Oct. 24, 1868.) 

Old Gilroy. — The building shook and rocked till the occupants bctcame seasick. The 
oscillation seemed to Ixi southwest and northeast, and lasted about 3U seconds. No 
damage was done beyond some broken l)ottles in the drug store. (Gilroy Advocate, 
Oct. 24, 1868.) 

Rumble preceding the shock came from the north. Chimneys fell north and south. 
It was fully as heavy as the shock of 1906, but not so long. The old adobe buildings were 
much damaged. (W. D. Dexter.) 

The shock was not so severe as in 1906. (Messrs. Rice, C. Wants, Bryant, Gilman.) 

Pacheco. — Every brick house in town was ruined. (Alta California, Oct. 22, 1868.) 

San Juan. — The shock was the heaviest since 186r). Laste<l 30 seconds. (Alta 
Cedifomia, Oct. 22, 1868.) No chimneys fell; 2 brick walls were cracked. (C. Bigley.) 

Santa Cruz. — Sevcire shock from east to wtwt, prectided by rumbling noise. Toasted 
15 seconds. Several bri(ik buildings badly cracked. (Alta Califomia, Oct. 22, 1868.) 
Second only to the earth<|uake of 186.5. Vibration from northeast to southwest for 30 
to 40 seconds. 

At Watsonville chimneys and (Mastering suffennl but little. At Eagh; Glen a slide 
no feet wide curried rocks and trees i,(KK) feet. In SoqiKd a few chimneys were dislo- 
cated. 

Moon Bay to Pescadero. — Chirane 5 rs down or twisted, along the coast. (T. G. 
Phelps, Holden’s report.) 

Near Pescadero limbs fell from the redwoods and large pieces of rock rolled down the 
mountains. (Grass Valley Union, Oct. 29, 1868.) 

Monterey. — A smart little earthquake, traveling from north to south. No particular 
damage. (Monterey Gazette.) 

DoumieviUe. — A slight earthquake was felt. (Mountain Messenger, Oct. 24, 1868.) 

Grass Valley. — Lamps vibrated. Vibrations from southwest to northeast. (AUa 
Califomia, Oct. 22-24, 1868.) 

Nevada City. — Three distinct shocks felt. Also felt at You Bet. (Nevada Transcript.) 

PlacerviUe. — Shock plainly felt. (Mountain Democrat, Oct. 24, 1868.) 

Amador County. — The earthquake was distinctly felt at Pine Grove and Volcano. 
(AUa Califomia, Oct. 25, 1868.) 

Jackson. — Earthquake perceptible to a number of people. (Amador Dispatch, Oct. 
24, 1868.) 

Folsom. — A slight shock. Clocks stopt. (Folsom Telegraph, Oct. 24, 1868.) 

Sonora. — A slight shock. (AUa Califomia, Oct. 22, 1868.) 

Tuolumne. — Shock lasted 10 to 15 seconds. Seven*. (Tuolumne City News, Oct. 
23, 1868.) 
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SneUing. — Hard shock. No damage. (Merced Herald, Oct. 24, 1868.) 

Visalia. — Shock felt by few persons. (The Della, Oct. 28, 1868.) 

Nevada. — At Oold Hill and Carson, shock perceptible to people awake, and a few 
people awakened. (Territorial Enterprise, Oct. 22, 1868.) 

The shock was apparently not felt in Ukiah, Yreka, San Luis Obispo, Los Angeles, 
Reno, Virginia City, Alpine County, Yuba County, Trinity County, or Oregon. 

Summahy. 

A review of the facts above presented regarding the earthquake of 1868 makes the 
following summary statement possible: 

1. The earthquake of 1868, like that of 1906, was due to an earth-movement on a 
rupture plane or shear zone which was manifest at the surface as a fault-trace. 

2. The fault on which the movement took place was quite distinct from the San 
Andreas fault. 

3. It parallels the latter at a distance of about 18.5 miles to the northeast. 

4. Like the San Andreas fault, it is coincident with an old diasti'ophic line u{)on which 
similar movements have been recurrent in time past. 

5. The old diastrophic line is marked by a degraded fault-scarp, which bounds the 
valley of San Francisco Bay and Santa Clara Valley on the northeast. 

6. Along this line there are certain geomorphic features analogous to those which 
characterize the San Andreas Rift. 

7. The fault-trace of the fault of 1868 was much shorter than that of 1906, having 
a known length of only 20 miles. 

8. The amount of horizontal movement, if any, was much less than on the San 
Andreas fault in 1906, and its direction is unknown. 

9. The vertical movement appears from the accounts given (o have lxH*n small also, 
and to have been manifest as a downthn>w on the southwest or bay side, altho this is 
not satisfactorily established. 

10. The fault-tmce was characterized for the most part by a emek which in places, 
particularly on the lower ground, was superficially gaping. Associated with this main 
crack there were auxiliary branching cracks; and on the alluvial bottom-lands about 
San Francisco Bay there were numerous secondary cracks which were usually not dis- 
criminated by the observers of that day from the fault-trace. 

11. In harmony with the shortness of the fault-trace and the small movement ap- 
parent along it, the area of destructive effect was much smaller than in the case of the 
earthquake of 1906. This was true also of the entire area embraced by the isoseismal 
II R. F. While the data are insufficient for plotting the isoscismals satisfactorily, it is 
nevertheless clear that these curves plotted as ellipses on the map of California would 
have had much shorter major axes than in the case of the isoseismals for the earthquake 
of 1906; while the minor axes in a northeast-southwest direction would not differ greatly 
for the two earthquakes. We have no authentic reports of the earthquake north of 
Chico nor south of Monterey, altho perceptible tremors probably did extend further 
south. On the other hand, in a direction normal to the fault-trace the earth-wave made 
itself felt as far as the State of Nevada. 

12. The intensity was X in the vicinity of the fault-trace at Haywards. 

13. In San Francisco the chief damage caused by the earthquake was, as in 1906, on 
the made land and along the mar^n of the old shore and marsh border. But little 
damage was sustained by structures on the rocky slopes. 

14. The foot of Market Street, San Francisco, is about midway between the San 
Andreas Rift and the fault-scarp upon which movement (Mwurred in 1868. The city 



448 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


has, therefore, to reckon with the latter as well as the former in its future career, and 
consequently should be doubly prudent in the location and structure of its important 
buildings. 

15. The cities on the cast side of San Francisco Bay are less conftemed with the San 
Andreas Rift, but are more inunediately affected by the proximity of the diastrophic 
line marked by the front of the range of the Berkeley Hills. 

16. The interval between the disastrous movement of 1857 on the San Andreas Rift 
and the movement on the Haywards fault in 1868 was 11 years. 

THE EARTHQUAKE OF 1865. 

About 12 '' 45” i\ M., on October 8, 1865, a moderately severe earthquake shook middle 
California. Most of our information regarding it is assembled in Holden’s Catalogue 
of Earthquakes. In the Sacramento Daily Union of that date it is described as the 
most violent ever experioncijd there. After several vibrations a second or two inter- 
vened, and the shaking was then repeateil more violently than at fii-st. The vibrations 
seemed to be ea.st and west, but a few jxfople thought they wem from southwest to 
northeast. Clocks stopt, and there was a g<!neral feeling of dizzitutss and nausea. Th(< 
same paper states that at Stockton thti shock was heavy and seemeil to pass from north 
to south, but that no damage was done. At Fetaluma there were two severe shocks in 
quick succe.ssion, vibrating from northwest to southeast. The shock was the heaviest 
experienced up to that time. Alt brick buildings were more or less injured. The first 
shock was from the northwest to the southeast, followed by a general shaking or rolling, 
closing with a jerk. At San Jose the shock was very severe.. Brick walls fell and the 
convent btill tolled. At New Almadcn a large brick store-house on the hill was nearly 
demolisht. Several houses in the village were thrown down. The earth opened and 
closed again. Chimneys in diffennit j)arts of the*, county w(‘.re thrown down. {Sau 
Francvico Bulletin, Oct. 12, 1805.) 

At Watsonville there was a heavy shock. Thi; earth o)>(ui(h 1 in several placTS (.s^^cond- 
ary cracks), throwing up water. At Santa (huz the shock was appanaitly heavier than 
elsewhen;. Every brick building was mported ruincul. The motion was apparently 
cast and west. 'I’lic lowlands along the river opencil and spouttni water like geysers. 
Some wells went dry or were filled with sand. The tide rose verj' high at the time of 
the shock and fell very low immediately afterwards. {Bulletin, Oct. 9, 1805.) 

'‘Mont(irey escaped unharmed.” {Sacramento Daily Union, Oct. 9, 1805.) 

After shocks w(;re reported at San Jose, Santa Clara, and Santa Cruz. 

There is no record of the shock having bticn felt at Marysville, Yrcka, Eureka, or in 
Alpine County; the Mouniain Messenger of October 14, 1805, states that it was not 
felt at Visalia nor in Ix)s Angeles. The Bulletin of Octol)er 17, 1805, states tliat it was 
not felt in Santa Barbara. 

In San Francisco, according to the Bulletin of the date of the earthquake, there was a 
violent shock lasting about 5 seconds, followed almost instantly by another much heavier 
shock, which continued for 10 seconds or more. Vibrations appeared to be nearly east 
and w(‘st, but some experienced oliservers said that the movcmient was in the same 
direction as previous shocks — nearly northeast and southwest. The commencement 
of the shock was accompanied by a rumbling sound. During the following evening there 
were two or three slight after-shocks. The effects of the eartluiuake were visible in every 
street. No buildings were entirely demolisht, but the damage aggregated many thou- 
sands of dollars. The most important damage to buildings occurred at the following 
loctalitics: 
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Corner MiisHinn and Third StreelH. Up{ier half 
front of 4-story brick building fell ; poorly con- 
structed. 

Northeast corner Battery and WaKhingt.on Streets. 

Old Merchants’ Exchange ruined. 

Beale Street, near Market. 

Kearney Street, near Sutter. 

Jackson Street and SU>ut Alley. 

Mission and Fremont Streets. 

Battery and Union Streets. 


Comer Kearney and Washington Streets. City 
Hall had front w;ill badly cracked and enUre 
building rendered unsafe. 

Washington Stnset, near Sansome. 

Market Street, near Sansome. 

Pine Street and Front Street. 

Market and Pine Streets. 

Sacramento and Battery Strec 3 ts. 

Sacramento and Webb Streets. 


On the marshy lands in the vicinity of Howard and Seventh Streets the ground was 
heaved in some places and sank in others. Lamp-posts were thrown out of perpendic- 
ular, gas-pipej; were broken, etc. ^ 

It ap|)ears probable from these scant records that the seat of the earthquake of ]8t)r» 
was somewhere in the Santa Cruz Mountains, between San Jose and Santa Cruz. If 
this conclusioiv-be accepted, it seems further probable, in the light of recent events, that, 
it was due to a minor movement along the San Andreas Rift. It was probably a some- 
what less severe earthquake than that of 1868. The earth movement wliich gave rise 
to the shock extendetl neither so far south as in 1857 nor so far north as in 1906, but 
appears to have pertained to that portion of the Rift affected in 1906 rather than to 
that affected in 1857. 

The only other earthquake which can definitely be referred to a movement along the 
San Andreas Rift was that of April 24, 1890, whicih, according to Messrs. F. Abby and 
Charles Bigley, of San Juan, opened a fissure at that place on the line of the Rift. The 
railway bridge at Chittenden was displaced, as it was in 1906. 


THE EARTHQUAKE OF 1857. 

Information regarding the earthquake of 1857 is scant and generally unsatisfactory 
as to details. California at that date was very sparsely populated, particularly in the 
southern Coast Ranges, where the seat of the disturbance was. The only records that 
have come down to us arc those of Trask, in the Proceedings of the California Academy 
of Sciences, Vol. 1, 1873 ; a n(»te by J.S.IIittel in his “Resources of California,” 1863, p. 42, 
and some notes in Holden’s Catalogue of Earthquakes, These brief notes are .suppki- 
mented by the statements of a few old residents who recall the even!, some of whom 
were in the zone of acute dist urbanco at the time. The data, while insufficient for a satis- 
factory account of the (farthiiuake, warrant the statenunit that it was due to a displacc- 
numt or fault in the San Andreas Rift, along its extent from Cholaine ValU'y to the San 
Bernardino Valley, a distance! of about 225 miles. 

A(!cording to Dr. Fairbanks, wlio has recently been over the course* of the Rift in the 
southern Coast Ranges, the resideuits alemg that line have e'ither very vivid re'collection 
or very stre)ng traditiem reigarding the rupturing of the ground at the time of the earth- 
epiakc; anel Dr. FairbaiiLs’ fiedd observations confirm the! proVjable! truth of their state- 
ments. It appe'ars to have been gemerally re*eognizcd by |)ee)ple! familiar with the* southe*rn 
Coa.st Rangeis that the she)ck was due to eer associateel with the! rupture of the grenmd, 
anel the line of rupture is commonly referred to by the country pe*e)ple! as the “earth- 
(juakc crack,” This crack, as e)pe!ncel in 1857, w’ith differential elisplacement of unknown 
extent and direction, is still pointcel out as a remarkable phe*ne)me*nem from Cholamc 
Valley southcastwarel along the northeast side of the Carissa Plain, through the Tejon 
Pass, thence along the southwest side of the Mojave Dewejrt, past Lake Elizabeth and 
Palmdale, to the Cajon Pass and thence to the south side, of the* San Bernardino Range. 
The shock was felt from Fort Yuma to Sacramento, and the total area sensibly affected 
was probably not much less than in the earthquake of 1906. It was severe both at Los 
Angeles and San Francisco. At Los Angeles shocks continued at intervals during the 

2g 
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day. Mr. U. D. Barrows, who was in that city on the day of the earthquake, in a letter 
dated August 5, 1906, communicates the following information as to his experiences: 

The great earthquake of January 9, 1857, in southern California, opened the ground for 
nearly 40 miles in a straight line near Elizabeth Lake. I had a brief account of it in the 
San Francisco Bulletin about February 1, 1857 — my letter (signed “ Observador”) 
being dated January 28, 1857. 

Only one life was lost by that great convulsion of nature, a woman being killed at Fort 
Tejon by the falling of adobe walls; and, considering the colossal disturbance, very little 
damage was done to buildings here in Los Angeles. This is probably accounted for by the 
fact that our buildings were of only one story, with walls 2.5 and 3 feet thick. At the time of 
the great upheaval, I was in the yard at the south side of the adobe house of William Wolf- 
skill, the pioneer, near the present site of the Arcade Depot in Los Angeles. 1 first stumbled 
toward the west, and was almost thrown down; then, after a brief period, 1 commenced to 
stumble in the opposite direction. Other persons near me stumbled in similar fashion. 
The long wide corridor on the south side of the Wolfskill house was hung with grapes, and I 
noticed that they swung back and forth clear up to the rafters. Water in tanks was thrown 
out in numerous instances, clocks were stopt, etc. The movement seemed to be com- 
paratively slow, giving things time to recover after moving in one direction. If the motion 
had been short and sudden, the damage would have been appalling.* 

All the houses in Santa Barbara were damaged by the shock of 11" 2(r i>. m., January 8. 
(Perry, Holden’s Catalogue.) 

At Visalia it was difficult to stand erect ; treetops waved several feet to and fro ; it 
was equally severe at places within 50 miles north and south. There were several 
shocks felt at Stockton and Benson’s Ferry, and the principal one was very severe at 
Sacramento, Los Angeles, and Monterey. {San Franevtro Bvllelin, Jan. 9, 1857.) 

At San P'rancisco the main shock was precwled by 4 slight shocks at 11" 2(r r. m., 
January 8; 11" 33™, 4" 15™, and 7" a. m., January 9. The main shock stopt a jeweler’s 
clock at 8" 13™ 30* a. m. Prof. George Davidson, who was in the city at the time, says 
the shock was sudden and sharp, preceded by no noise. Ho was lying north and south, 
and felt the movement in that direction. A friend who was lying east and west was 
thrown out of bed. 

Professor Davidson also contributes the following: 

The wholesale grocery store of Goodwin Brothers faced east on Battery or Front Street, 
with its length of about 100 feet on Gommernial Street. It was a 1-story brick st ructure 
about 15 feet high, with a flat metallic roof and a fire-wall of 3 or 4 feet above and around 
the roof. There were no windows nor doors on Commercial Street. The fire wall along Com- 
mercial Street was thrown bodily from the main structure into the street. The inner edge 
of the bricks was a straight line, at a measured distance of 6 feet from the base of the wall, 
while the general mass was scattered across Commercial Street. In the hardware establish- 
ment of Philip T. Southworth, along the west side of the east wall, there was a line of nail 
kegs, every one exactly 12 inches from the baseboard. Before the shock they had been 
placed close to the baseboard. These two conditions would indicate a movement of the 
earth from the northward and westward — roughly, from the north-northwestward. 1 
do not remember damages to other buildings, but am satisfied there were no serious results 
to propert.y. Among minor details were the effects of the shock upon one of the piletl 
wharves, where a lot of bar-buoys had been left. They had been rollc<l alxnit in every 
direction. 

The following note on some of the effects of the shock in various parts of the state is 
extracted from Hittel’s “Resources of California,’’ 1863, p. 42: 

The waters of the Mokulumne River were thrown upon the bank, almost leaving the bed 
bare in one place. The current of the Kern River was turned up stream, and the waters 
ran 4 feet deep over the bank. The water of Lake Tulare was thrown upon its shores, and the 
Ia) 8 Angeles River was flung out of its bed. In Santa Clara Valley artesian wells were much 


' Los Angeles is about 40 miles from the line of the Rift. A. C. L. 
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affected; some ceased to run, and others had an increased supply of water. Near San 
Fernando a large stream of water was found running from the mountains, where there had 
been none before. In San Diego and at San Fernando several houses were thrown down, and 
at San Buenaventura the roof of the Mission Church fell in. Several new springs were 
formed near Santa Barbara. In the San Gabriel Valley the earth opened in a gap several 
miles long, and in one place the river deserted its ancient bed and followed this new opening. 
In the valley of the Santa Clara River there were large cracks in the earth. A large fissure 
was made in the western part of the town of San Bernardino. At Fort Tejon the shock 
threw down nearly all buildings, snapt off large trees close to the ground, and overthrew 
others, tearing them up by the roots. It also tore the earth apart in a fissure 20 feet wide 
and 40 miles long, the sides of which vent then came together with so much violence that 
the earth was forced up in a ridge 10 feet wide and severaKfeet high. At Reed’s ranch, not 
far from Fort Tejon, a house was thrown down and a woman in it was killed. 

The most interesting fact connected with the earthquake of 1857 is that it was due to 
an earth movement on the same diastrophic line as that on which faulting occurred 
on April 18, 1906. The movement in 1857 was, practically speaking, along the southern 
half of the known extent of the San Andreas Rift, while that of 1906 was along the 
northern half. 
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THE CALIEORNIA EABTEQUAHE OF APBH 18, 1906. 


TEE TIME AND OEISIN Of TEt 8E0CE. 

SBSCRIPTIOHS OF THE SHOCK. 

The fact that the California earthquake of April 18, 1906, occurred a little after 5 a. m., 
before people in general were up, is one cause why we have so little reliable information 
regarding the exact time at which it occiured. In answer to questions sent out by the 
Earthquake Commission, a veiy large munber of replies were received, but it:js quite 
evident, from the variations among them and from the fact that many only gave the 
time to minutes, that these times are veiy unreliable. The general descriptions show 
that the earthquake b^an with a fairly strong movement which continued with inftrftiiaiTig 
strength for an interval variously estimated, but which really amounted to about half a 
minute; then very violent shocks occurred, and quiet was restored about 3 minutes later. 

Prof. George Davidson in Lafayette Park, San Francisco, marked time from the b^in- 
ning of the shock, which he places at 5 ^ 12" 00*. He noticed hard shocks until 5 ^ 13" 
00^, a slight decrease to 5 ^ 13" 30*, and quiet agun about 5 ^ 14" 30^.* 

Frof. Alexander McAdie, in cWge of the Weather Bureau office at San Francisco, 
wrote as follows to Professor Lawson under date of September 8, 1907 : 

I have lookt up the record in my note-book made on April 18, 1906, while the earthquake 
was still perceptible. 1 find the entry '‘S* 12“’' and a/ter that "Severe lasted nearly 40 
seconds.” As I now remember it the portion " severe, etc.,” was entered immediatdy after 
the shaking. 

The time given is according to my watch. On Tuesday, April 17, 1908, my error was 
"1 minute slow” at noon by time-ball, or time rignals which were received in Weather 
Bureau and with which my watch has been compared for a number of years. The rate of 
my watch was 6 seconds loss per day; therefore the corrected time of my entry is 5* 13“ 05* 
A. M. This of course is not the beginning of the quake. I would say perhaps that 6 or 
more seconds may have elapsed between the act of waking, realizing, and looking at the 
watch and making the entry. I remember distinctly getting the minute-hand’s position, 
previous to the most violent portion of the shock. The end of the shock I did not get 
exactly, as 1 was watching the second-hand and the end came seversl seconds before I fully 
took in the fact that the motion had ceased. The second-hand was somewhere between 40 
and 50 when 1 realized this. I lost the position of the second-hand because of difficulty in 
keeping my feet, somewhere around the 20-second mark: 

I suppose I ought to say that for twenty years 1 have timed every earthquake I have felt, 
and have a record of the Charleston earthquake, made while the motion was still going on. 
My custom is to simp with my watch open, note-book open at the date, and pencil ready — 
also a hand electric torch. These are laid out in regular order — torch, watch, book, and 
pencU. 

Referring to the fact that his time is about a minute later than that given by other 
observers, he adds: 

However, there is one uncertiunty; I may have read my watch wrong. I have no reason 
to think 1 did; but I know from experiment such things are posable. * * * I have the 
original entries untouched since the time they were made. 


> The time is given in Paoiflo standard time, 8 hours slow of Oreenwioh mean time. 

S 
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Prof. A. 0. Leuschner, director of the Students’ Astronomical Observatory of the 
University of California; Berkeley, gives the following account of the shock as observed 
by his staff in the neighIx>rhood of the Observatory : 

The only reliable record of the commencement of the feeble motion was secured by 
Dr. S. Albrecht and given by him as 6“ 12“ 06", P. S. T. Dr. B. L. Newkirk, on the other 
hand, was the only observer who took pains to note the last sensible motion, for which he 
pves S'" 13“ ir. The total duration resulting from these observations is 65 seconds. This 
is possibly not more than 5 seconds in error. 

According to my own observations, the earthquake consisted of two main portions. 
They are based on counting seconds while carrying my small children out of the house. 
The earthquake came suddenly and gradually worked up to a maximum, which ceased more 
abruptly than it commenced. This [first part] lasted for about 40 seconds and was followed 
by a comparative lull, which was estimated at about 10 seconds. The vibrations then 
continued with renewed vigor, reaching a greater intensity than before and subsiding after 
about 25 seconds. According to these estimates the total duration of the disturbance was 
75 seconds. It is, however, safe to assume that I counted seconds too rapidly in the excite- 
ment of the moment and this duration may easily be 10 seconds too long. The total 
duration of the sensible motion at Berkeley was probably close to 65 seconds. Dr. Albrecht 
reports that while he observed several severe shocks, the strongest occurred about 30 to 
40 seconds after the beginning. 

The mean time clock of the Observatory stopt at 5*^ 13“ 39*, P. S. T. 

Prof. T. J. J. See, in charge of the Naval Observatory on Mare Island, San Pablo Bay, 
reports : 

I had been sleeping downstairs, lying with head to an open window, which faced the 
south, and as the house was not seriously endangered at any time I was favorably situated 
for making careful observations of the entire disturbance. I had been awake some time 
before the earthquake began and, as everything was very quiet, easily felt and immediately 
recognized the beginning of the preliminary tremors. It consisted in an excessively slight 
movement of the ground, which I compared to the gentle rustling of a leaf in a quiet forest; 
and then the tremors grew steadily, but somewhat slowly, becoming gradually stronger and 
stronger, until the powerful shocte began, which became so violent as to excite alarm. 
Their duration was unexpectedly long, about 40 seconds, according to estimate made at 
the time, and the subsiding tremors then began. It was just light and I could see the clock 
face, and I noticed that at the beginning the corrected reading was about 5" 11“, and at the 
end about 5*^ 14“ 30*, so that the total duration of the disturbance including the faint 
tremors was about 3 minutes 30 seconds. The preliminary tremors occupied a little over 
a minute, the violent shocks about 40 seconds, and the final tremors about a minute and a 
half. 

The exact time of (he phenomenon. — This was found by the stopping of two of the four 
astronomical clocks at the Observatory. The violent shocks were so extreme that the 
pendulums were thrown over the ledges which carry the index for registering the amplitude 
of the swing. The standard mean time thus automatically recorded was : by the mean time 
transmitter, 5^ 12“ 37*; by the sidereal clock, fi*" 12“ 35*. The yard clock at the gate, which 
is simply an office clock, though electrically corrected from the Observatory daily, and 
therefore approximately correct, gave the time as 5" 12“ 33*. The agreement of all these 
clocks is very good ; but I think the best time is the mean of the two astronomical clocks, 
viz. : 5^ 12“ 36*. I estimate that the error of this time will not exceed about 1 second. It 
must be remembered that the preliminary tremors before the violent shocks began would 
tend to derange the motions of the pendulums, and they might separate, tho the effect 
would probably be slight, because the tremors were not violent. It is probable that both 
pendulums were hung up at the first powerful shock, but as one clock is sidereal and the 
other mean time, there is no assurance or even probability that the pendulums would be in 
the same relative position at the time of the arrival of the wave which gave the powerful 
shock. If the pendulums were not in the same relative parts of their beats, the chances are 
that one would be bung fast at least a second before the other. Now it was observed that 
the pendulum of the mean time clock was hung fast on the west side of its arc of oscillation, 
while the pendulum of the sidereal clock was hung fast on the east side. Both pendulums 
swing in the plane of the prime vertical. The difference in the time shown by the two clocks 
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is probably due therefore to slight derangements by the preliminaiy shocks, and to the in* 
stantaneous positions of the pendulums, which enabled one to be hung fast a second or more 
before the other; but I think the mean time here adopted is likely to be correct within 1 
second. 

Mr. J. D. Maddrill, in charge of seismographs and earthquake reports at Lick Observa- 
tory, Mount Hamilton, reports the beginning of the shock there, as the result of several 
observations, as 5** 12"' 12*. Mr. R. G. Aitken timed the heavy shock at 5^ 12™ 45*, which 
corresponds exactly with the starting of the Ewing three-component seismograph. 

On comparing these accounts, we notice that Professor See alone, probably on account 
of his unusually favorable situation, observed a very sli^t movement between 5** 11™ 
and S*' 12™, and soon afterwards the violent shocks b^an, which correspond to the 
beginning noticed by Professor Davidson, Professor McAdie, Dr. Albrecht, and the Lick 
observers ; this part of the disturbance was very strong, tho much lighter than the 
very violent shocks which occurred later. We shall refer to it as the beginning of the 
shock, looking upon tho earlhtr, extremely slight movement observed by Professor See as a 
preliminary movement. Dr. Albrecht reports the heaviest shock at 30 or 40 seconds 
after the beginning ; Mr. Aitken is corroborated by the starting of the seismograph at 
Lick Ol)servatory in putting the heavy shock at S'* 12™ 45*, i.e., 33 seconds after the 
beginning ; and the most reliable clocks that were stopt agree in indicating a similar 
interval between the beginning and the shock that stopt them. As pointed out by Prof. 
C. F. Marvin,* the evidence is convincing that the clocks in general were stopt by the 
violent shock, which occurred about a half minute after the beginning, and was alone 
strong enough to affect seismographs at distant observatories. 

THE BEGnnnNG OF THE SHOCK. 

The majority of the reports as to the time of the beginning of the shock are only roughly 
approximate, but we fortunately have four very reliable observations, all of which are 
given by astronomers, who are accustomed to accurate estimates of small intervals of 
time. 

First, San Francisco : Prof. George Davidson gives the time as 5'* 12™ 00* ± 2 seconds. 
Pacific Standard Time, which is 8 hours slow of Greenwich Mean Time. Mr. Van Ordin, 
who had a stop-watch, gives the time as S'* 12™ 10*; his watch was set two days before 
the earthquake and his time is not so reliable as that of Professor Davidson. Professor 
McAdie’s time may be looked ui)on as confiiming Professor Davidson’s ; all the reliable 
observations, as well as the reliable stopt clocks, make it absolutely certain that the 
shock began about 5** 12™ and we must assume that Professor McAdie, suddenly awak- 
ened by a strong earthquake, made an error in reading the minute-hand of his watch, an 
error which is very easy to make ; or that he applied the approximate correction and wrote 
down the corrected time. We shall accept Professor Davidson’s time as the most accurate 
obtainable for San Francisco. 

Second, Students’ Observatory, Berkeley : Dr. S. Albrecht, S'* 12™ 06*. 

Third, Lick Observatory, Mount Hamilton: The result of the observations of several 
astronomers. S'* 12™ 12*. 

Fourth, International Latitude Station, Ukiah: Prof. S. M. Townley, S'* 12™ 17*. 
Professor Townley had been at work very late the previous night and was sleeping soundly 
when he was awakened by the earthquake. He immediately arose and went to the 
window and took the time of his watch, which when corrected became S'* 12™ 32*. 
Professor Townley estimates that 10 seconds may have elapsed from his first awakening 
and his reading of the watch, and that it may have taken S seconds for the disturbances 

* Professor Marvin’s Preliminary Report to the Commission on the Stopt Clocks has been drawn upon 
freely in this discussion. 
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to awaken him, and therefore that the time of the arrival was 12°* 17*. This tinrift is 


far lees accurate than the others but is certainly not more th*" a few seconds wrong and is 

_ important in estimating the origin of the shock on account 



of the location of Ukiah with respect to the other stations. 
This will be readily seen on referring to map No. 23 and 
to fig. 1, in which the long vertical line represents the 
fault, and the portions of stations with respect to it are 
shown. 

There are, then, only four observations which should be 
taken into account in estimating the position of the cen- 
trum, which, we may assume, lies somewhere in the 
apparently vertical plane of the fault. The question 
arises whether the slip took place at various parts of 
the fault simultaneoiisly, or, whether it occurred first over 
a limited area, and the stress, being relieved here, in- 
creased at other places, and thus the rupture spread along 
the fault, in both directions, at a rate probably somewhat 
less than that of the propagation of elastic waves of com- 
pression. In the fii^ case the movement would have 
been propagated at right angles to the fault, and would 
have arrived at the various stations after intervals of 
time proportional to their distances from the fault-line. 
Taking our origin of time at 5** 12“ 00* we have the 
following data (where the fa are the times of arrival 
after 5^ 12“ 00*, and the d’s are the distances from the 
fault-line) : San Francisco, = 0 seconds, dj = 12 km. ; 
Berkeley, ^2 == 6, d 2 = 29; Mount Hamilton, ^ 12, d 3 = 

33.7, Uldah, = 17, = 42.6. (These distances are 

determined from the maps and are not taken from fig. 1, 
where the fault is represented as perfectly straight.) 

If we attempt from these data to determine the most 
probable value of the velocity and of the time of occur- 
rence by the method of least squares, we find a velocity 
of 1.8 km./sec. and a time of 6** 11“ 52.5^, with errors 
of -0.9, -f- 2.5, -0.8, -1.0 seconds for the stations in the 
order given above ; the sum of the squares of the errors 
is 8.6; the positive sign indicates that the observed times 
were too early, and vice versa. The small velocity calcu- 
lated is quite inadmissible ; and we therefore try the other 
alternative to see if it does not yield better results. We 
may considw that we have four unknown quantities to 
be determined : the time of the shock, the distance of the 
centrum measured along the fault-line from a given point 
of reference, its depth below the surface, and the rate of 
propagation. Four observations are sufficient to deter- 
mine these four quantities, but the observations we have 
lead to impossible results, which may be seen by a general 
comparison of the positions of the stations and the timaa 


observed at them. For evidently there is no point on 
the fault-line so situated that the difference of the distances from it of Berkdey and 
San Francisco is half the difference of the distances from it of Mount TTii.Tnnt nn and 
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San Francisco, and one-third the difference of the distances of Ukiah and San Franciseo; 
which shows that the observations are not accorate mough to make an exact determina- 
tion of the unknown quantities possible. We are led therefore to assume a rate of prop- 
agation, and by trial to find the place on the fault-plane which will accord best with 
the observations; that is, which will make the sum of the squares of the errors least. 
In the neighborhood of an earthquake origin, the preliminary tremors, the second phase, 
and the long waves (which will be described furtW on) are not s^arately distinguish- 
able; and there are very few and unsatisfactory observations regarding the rate at 
which the disturbance is propagated. 

Professor Imamura * calculates the velocity as 7.5 km./sec. from observations at Tokyo 
of earthquakes originating at an average distance of 670 km., the greatest distance bring 
less than 1,300 km. CJorresponding observations at Osaka give a velocity of 7.9 km./sec. 
for an average distance of 792 km., but they are rendered unrriiable on account of the 
poor clock at that station. By the difference method, that is, by dividing the difference 
of the distance from the origin of two stations by the difference of time of arrival at 
them, he finds an average velocity of 12.1 km./sec., the stations ran^g in distance 
between 284 and 1,285 km. from the origin. From observations at Tokyo and Bfizusawa 
he finds by a similar method an average velocity of 9.6 km./sec. for an average distance 
of 522 km. from the origin, and 12.4 km./8ec. for an average of 984 km. 

Professor Omori* finds for the velocity of two earthquakes between Taichu, near 
their ori^n in Formosa, and Tokyo, a distance of 1,620 km., 6.13 km./sec. and 6.75 
km./sec., respectively. Tokyo is 1,710 km. from the origin and Taichu M km. In the 
first case the time at Taichu was determined by a chronometer watch, in the second 
from the seismogram ; in both cases the Tokyo time was determined from the seismograms. 

Professor Credner * finds by the difference in time of arrival at Leipzig and Gottingen 
of two small earthquakes whose origins were about 100 km. south of Leipzig, a velocity 
of 5.9 km./sec. Gottingen is about 200 km. from the origin. 

Professor Rizzo * from observations of the Calabrian earthquake of 1905 at two sta- 
tions, Messina and Catania, distant 84 and 174 km., respectively, from the epicentrum, 
finds a surface velocity of 6.9 km./sec.; this supposes the centrum at the surface; a 
deeper centrum would give a slightly smallw velocity. The tendency is always to obtain 
too low a value for the velocity. The strongest disturbance does not usually occur at the 
very beginning of the shock, but somewhat later; the earlier and lighter part is felt near 
the origin, but at a distance only the stronger part is observed ; this is also true of srismo- 
graph records. The vriocities calculated from such observations are evidently too small. 

Professor Wiechert in a communication to the International Srismological Associa- 
tion in September, 1907, accepted 7.2 km./sec. as a fair value of the velocity near the 
surface of the earth ; which is the same as the velocity near the origin. I have taken this 
value, 7.2 km./sec., as being probably as near the truth as we can come at present. With 
this velocity we find by the method of least squares that the most probable position of 
the centrum is at a point lying about 10 km. north of the point on the fault-line opposite 
San Francisco, and at a depth of 20 km. briow the surface; the time of occurrence bf 
the shock is 5'‘ 11“ 57.6* ; and the errors in seconds are : San Francisco, + 1.1 ; Berkeley, 
— 3.4; Mount Hamilton, — 0.2; Ukiah, 4- 2.4; the sum of the squares of the errors is 
18.6 seconds. The objection to this' determination is the error at Berkeley which is 

* Publicatlona of the Earthquake Investkntion Commiasion in Foreign Languages, No. 18, p. 102. 

* Note on the Transit Velocity of the Formosan Earthquakes of April 14, 1906. Bull. Imperial 
Earthquake Investigation Commission, vol. i. No. 2, p. 73. 

' Dw VogUandisone Erdbebensohwarm von 13 Feb. bis sum 18 Mai, 1903. Abh. 'math^phys. Kl. K. 
Stohs. Geseus. d. Wissen. 1904, Bd. zxvm, p. 163. 

* Sulla Velooita di PropMasione delli Ondi Sismiche nel Terremoto della Calabria. Aooad. R. delli 
Sefonse di Torino, 1906-1906, p. 312. 
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spparentiy too large. The 15 seconds which Professor Townley allowed for the interval 
bi^ween the arrival of the shock at Ukiah and the moment that he read his watch seems 
to me rather long if we reduce this interval to 12 seconds and take the time of arrival 
at Ukiah at 5^ 12" 20*^ the observations become more accordant r we find that the best 
position for the mrigin has the same geographical portion mentioned above, but the 
cmtmm is near the surface, and the time of the shock becomes 11" 59* ; the errors 
of observaticms are: San fYancisco, + 1.1; Berkeley, — 2.8; Mount Hamilton, +0.9; 
UkMi, + 0.7. The sum of squares of the error is 10.4 seconds. But the position of 
the centrum can not be lookt upon as being determined very accurately ; even if we put 
its depth at 30 km. we find the sum of the squares of the errors only 10.8 seconds; and 
the mdividual errors are: San Francisco, +1.9; Berkeley, —2.6; Mount Hamilton, 
+ 0j6 ; Ukiah, + 0.2. This is a better group of errors, as that of Mount Hamilton is 
v»y small. The time is 5** 11" 57.7*. 

It will be noticed that the groups of errors seem slightly to favor the idea of a simul- 
taneous slip along the fault-lme in preference to the slip beginning over a small area and 
thm gradually spreading along the line. But let us notice what this really involves. In 
the first place it requires a velocity of propagation of only 1.8 km. /sec., a value less than 
a quarter as groat as the most probable value of this velocity.* It may be urgcKl that 
these times refer to the arrival of the large surface waves, whose velocity has been deter- 
mmcd as about 3.3 km. /sec.; but with this value of the velocity we find much larger 
errors, the sum of the squares amounting to 36.9 ; and therefore a consideration of the 
errors alone renders this supposition less probable than either of the other two; and, 
moreover, the i»eliminary tremors and large waves are not separated at such- short dis- 
tances from the origin as San Francisco and Berkeley. 

Secondly, it is clear from the surveys of Messrs Jlay ford and Baldwin (vol. i, i^. 114- 
145) and from the discussion of them (pp. 16-28) that the rupturo along the fault-line was 
the result of gradually fncreasing forces which finally became greater than the strength 
of the rock ; before rupture the rock yielded elastically to the forces and it seems abso- 
lutely impossible that its ultimate strength, varying locally, should have been reached 
simultaneously over the whole area of the fault-plane, whose length was 435 km., or in- 
deed over any large area. It would require a nice adjustment of the forces concerned, 
which the nature of the forces in no way leads us to expect. It is only in the case of 
absolute rigidity, which is far from the true nature of rock, that we can conceive of a 
simultaneous movement along the whole fault ; and then we should be at a loss to account 
for the dying out of the fault at its ends. Moreover, our general experience is entirdy 
against simultaneous yielding ; when structures, such as bridges, break, they give way 
first at a particular point; when an ice-jam in a river yields, one part yields before the 
rest7 and, indeed, many such examples might be cited. We are therefore constrained 
to- believe that the rupture on the fault-plane began over a small area and rapidly spread 
to other parts of the fault. 

We may then consider the position of the origin as determined within, perhaps, 30 km. 
along the fault-line and within 20 km. in depth ; and the time, within 3 seconds ; and we 


may write for 

The beginnu^ of the shock 


= 13** 11" 58* ± 3 seconds G. M. T., 
A = 121® 36' W. ± 16', 

^ =37®49'N-±12', 

z, = 10 km. + 20 km. or — 10 km.. 


where is the time of the occurrence of the shock; A, the longitude, and the latitude. 


* If we had taken the Uk&h time as 6“ 12" 20*, the h 3 rpothesis of simultaneous slip would have 
required a velocity of 1.6 km./seo., and the sum of the squares of the errors would have been 17.4. 
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of the epicentrum ; and Zg, the depth of the centrum. The point lies exactly opposite 
the Golden Gate. 

If, instead of a velocity of 7.2 km. /sec. we had used 6.5 or 8, the position and time 
of the shock would not have been altered beyond the limits of error indicated above. 
A smaller velocity would have led to a deeper centrum and earlier time ; a greater veloc- 
ity would have had the opposite effect. 

THE VIOLENT SHOCK. 

The violent shock is the most important part of the earthquake, both on account of 
its destructive effects and bctcause it alone could have affected distant seismographs. 
Indeed, Victoria is the only distant station where the first motion was recorded and it is 
the nearest seismographic station beyond the limits of sensible motion. Its distance was 
1,156 km. from the origin and the disturbance was perceptible to a distance of 550 km. 
A large number of clocks were stopt by the strong motion ; and one would naturally 
look to them to get the exact time of its occurrence. Professor Marvin has collected 
together all information regarding these clocks. For the great majority the time of the 
stopping is only known to minutes, and even then the differences between the various 
clocks are so great as to make the resulting average of very little value ; it is therefore 
not necessary to give here the times recorded by all of them. We fortunately have 
observations from four stations which seem to be very reliable. 

First, San Rafael ; Two standard clocks were stopt ; one the standani clock of the Time 
Inspector of the North Shore Railroad, stopt at 5** 12"* 35*; the other, belonging to the 
night operator of th(; Railroad, stopt at 5** 12"* 30*. Also a clock, belonging to the 
Western Union Telegraph Company, which sends out th<5 time, stopt, the time being 
5** 13"* ; as the seconds are not given it is probable that they were not ol)8erved. This 
time must, therefore, be neglected ; it is manifestly too late. The first two clocks are 
supposed to be very accurate and to be checkt every day at noon. The average of their 
time is 5** 12“ 32.5*. 

Second, Mare Island: Two of the a.stronomical clocks, under the charge of Prof. 
T. J. J. See, stopt resiwctivdy at S’* 12“ 35* and 5** 12“ 37*. A third clock which is 
electrically corrected every day, but is not a standard clock, stopt at 5** 12“ 33*. 
Professor See thinks the best time is the average of the two astronomical clocks, namely, 
5** 12“ 36*. 

Third, Berkeley: The astronomical clock at the Students’ Obscjrvatory, under the 
charge of Prof. A. O. Ijeuschner, stopt at 5** 12“ 39*. 

Fourth, Mount Hamilton : The only clock that stopt was a small one in the Director’s 
oflSce, the correction for which was not accurately known ; it stopt at 5** 12“ 52* ; we 
can not put any reliance on the exact time it gives. The shock began at Mount Hamilton 
at 5** 12“ 12*, but the strong shock occurred at 5** 12“ 45*. This is attested by the 
observation of Mr. Aitken and also by the fact that the Ewing seismograph was set in 
motion at that time. This seems the most accurate record we have of the time of the 
arrival of the heavy shock at a station near the origin. 

The sidereal clock at the Chabot Observatory, Oakland, stopt at mean time 5** 12“ 
51*. The mean time clock stopt at 5** 14“ 48*. Professor Marvin, however, has 
pointed out that the delicate gravity escapement of the latter might easily be thrown 
out of adjustment by the disturbance and thus allow the clock to race. It is evident that 
we can not take into consideration the time given by it. The sidereal clock, stopping 14 
seconds later than the clock at Berkeley, may perhaps have been stopt, restarted, and 
stopt again by the shock. At any rate it is certunly too late and must be neglected. 
One clock at Ukiah may have been stopt and restarted ; it was going after the shock. 
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but had been retarded by 6 seconds in time. Two of the astronomical clocks at Mare 
Island continued going after the shock, but th^ lost 20 seconds, which Professor See 
ascribed to ''the rubbing of the pendulum points against the index ledges, which was 
also clearly shown by the brightening of the metal of the indexes.” Altho this friction 
must have acted, it Wdly seems sufficient to account for so large a loss in the minute or 
so of the strong shocks, and it is not unlikely that these clocks were stopt and started 
again. Some clocks must have been stopt at very nearly the correct time of the arrival 
of the shock, but it is impossible to distinguish them from other clocks, whose times are 
clumed to be correct, but which were evidently wrong; it is best, therefore, only to use 
times from the first four observations mentioned, which have been chosen because they 
can be relied on as very nearly correct. 

The clocks which stopt evidently too late, and those which continued going but with 
the loss of some seconds of time, call attention to an error which may be made if we 
accept the time of a stopt clock as determining the time of the heavy shock. Let us 
notice in the first place t^t it is scarcely possible for the time thus determined to be too 
early ; for, if the pendulum is made to vibrate too rapidly for a beat or two before it is 
stopt, the time is advanced; and if the pendulum is stopt, started, and stopt again, 
the clock will mark too late a time. It is only in case the gentler motion preceding the 
heavy shook should cause the pendulums to vibrate too tiowly, that the stopt clock would 
indicate too early a time; but this gentler motion is just as apt to make the pendulums 
vibrate too fast. The difference between the time of the heavy shock at Mount Hamilton, 
which does not depend upon a stopt clock, and the times recorded by the stopt clocks at 
San Rafael, Mare Island, and Berkeley, make it evident that the latter could not indicate 
a time materially too late, unless we assume a rate of propagation of the disturbance much 
too low to be permissible. It is extremdy probable, however, that the clocks did indicate 
a time slightly too late, and I have therefore taken for the times of arrival of the heavy 
shock at Mare Island and Berkeley one second earlier than the clocks indicated; these 
clocks were all astronomical clocks, and, with their known corrections, were practically 
correct just before the shock. The clocks at San Rafael were not astronomical clocks and 
may have been a little too fast; we can take 5*^ 12*^ 32*, a half second earlier than thdr 
average, as the time of the shock at that place. The time at Mount Hamilton requires 
no modification. 

We have therefore for the times, after Sf^ 12** 30*, of arrival of the heavy shock and the 
distances of the stations from the fault-line : San Rafael, =• 2 seconds, di = 16 km. ; Mare 
Island, <2 5, dj == 42; Berkeley, = 8, ^ 29; Mount Hamilton, = 15, d^ = 33.7. 

A glance at these data show that the shock was not simultaneous along the fault-line, for 
Berkeley and Mount Hamilton, less distant from the faffit-line than Mare Island, felt the 
shock later. The times, with the positions of the stations as shown in fig. 1, indicate 
that the strong shock originated in a limited area somewhere to the northwest of San 
Rafael. 

If , as in the case of the beginning of the shock, we use these four observations to deter- 
mine our four unknown quantities, we find an imaginary value for the depth of the cen- 
trum, showing that the observations are not perfectly accurate. We may then, as before, 
assume various positions for the centrum and find by the method of least squares what 
time of occurrence and what velocity of propagation will make the sum of the squares 
of the errors least. The following table shows the results of these determinations ; is the 
distance from a point on the fault-line opposite San Francisco to the ori^n, measured 
towards the northwest; Zq is the depth of the centrum bdow the surface; t^, the time of 
occurrence, in seconds after 5^ 12** 30*; v, the velocity of propagation in kilometers per 
second; and A*, the sum of the squares of the errors in seconds l^ween the calculated and 
observed times. It is to be noticed that the vdocity is too high except in one case. 
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Tabui 1 . — Timet, VeloeUiee, and Emrt fer 
Yarume PoeUime of the Poeue. 


Vo- 


io- 

V, 

A* 

20 

0 

31.0 

7.7 

5.0 

20 

20 

29.8 

7.2 

10.2 

40 

0 

30.1 

8.3 

4.9 

40 

20 

28.0 

8.7 

5.9 

50 

20 

29.2 

8.8 

5.3 


If now we assume a velocity of 7.2 km. /sec., and repeat the calculations determining 
only < 0 , we get the following results for various positions of the centrum : 


Tabub 2 . — Times and Errors for Various Positions of the Focus. 


Vo- 

to- 

to- 

A*. 

Vo- 

Mo- 

to- 

A*. 

20 

0 

30.5 

9.3 

50 

0 

27.8 

7.6 

20 

20 

20.8 

10.2 

50 

20 

27.4 

7.7 

30 

0 

29.8 

8.0 


0 

26.7 

8.3 

30 

20 

29.2 

7.2 


20 

26.2 

7.6 

40 

0 

28.9 

6.7 


40 

25.1 

6.7 

40 

10 

28.8 

6.9 


0 

21.9 

16.6 

40 

20 

28.4 

6.6 

IbI 


21.6 

16.0 


There is not a very great difference in the sums of the squares of the errors for values of 
j/o varying between 20 km. and 60 km., but they increase at both of these extreme dis- 
tances (errors of a few tenths are insignificant as they are partially due to approxima- 
tions in the calculations) ; and the times of course become earlier as the origin is placed 
further northwest. We may therefore adopt for the approximate position of the centrum 
of the violent shock, yg <= 40 km. ± 20 km., ag — 20 ± 20 km., and for the time of 

occurrence, = 5** 12“ 28* ± 2 seconds. The individual errors of the times of obser- 
vation become at San Rafael, Mare Island, Berkeley, and Mount Hamilton, respectively, 
+ 0.6 second, + 0.4, — 2.1, + 1.3. If in these calculations we had used a velocity of 6 
km. /sec. or 8 km. /sec., our results would not have been altered beyond the imcertainty 
indicated. We may therefore write for 


The violent shock 


h 


2o 


13** 12“ 28* ± 2 seconds G. M. T., 
122® 48^ W. ± 5', 

38® 03' N. ± 4', 

20 km. ± 20 km. 


The point lies between Olema and the southern end of Tomales Bay. This position of the 
point of beginning of the violent shade receives some confirmation by the fact that the 
violence of the shock was probably as great in this neighborhood as anywhere, and that 
the displacements along this part of the fault-line were the greatest recorded. 


THE DEPTH OF THE FOCUS. 

There are two ways of determining the depth of the focus : 1^ observations of the times 
of arrival of the shock at various stations and by a consideration of the distribution of the 
damage and other effects produced by the disturbance over the surface of the earth. The 
two methods do not determine identically the same point. The time method gives the 
location and depth of the point where the shock started, whereas the method depending 
upon the distribution of intensity gives the depth of the whole of the fault-plane. 
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but had been retarded by 6 seconds in time. Two of the astronomical clocks at Mare 
Island continued going after the shock, but they lost 20 seconds, which Professor See 
ascribed to “the rubbing of the pendulum points against the index ledges, which was 
also clearly shown by the brightening of the metal of the indexes.” Altho this friction 
must have acted, it hardly seems sufficient to account for so large a loss in the minute or 
so of the strong shocks, and it is not unlikely that these clocks were stopt and started 
again. Some clocks must have been stopt at very nearly the correct time of the arrival 
of the shock, but it is impossible to distinguish them from other clocks, whose times are 
claimed to be correct, but which were evidently wrong; it is best, therefore, only to use 
times from the first four observations mentioned, which have been chosen because they 
can be relied on as very nearly correct. 

The clocks which stopt evidently too late, and those which continued going but with 
the loss of some seconds of time, call attention to an error which may be made if we 
accept the time of a stopt clock as determining the time of the heavy shock. Let us 
notice in the first place that it is scarcely possible for the time thus determined to be too 
early; for, if the pendulum is made to vibrate too rapidly for a beat or two before it is 
stopt, the time is advanced; and if the pendulum is stopt, started, and stopt agun, 
the clock will mark too late a time. It is only in case the gentler motion preceding the 
heavy shook should cause the pendulums to vibrate too slowly, that the stopt clock would 
indicate too early a time; but this gentler motion is just as apt to make the pendulums 
vibrate too fast. The difference between the time of the heavy shock at Mount Hamilton, 
which does not depend upon a stopt clock, and the times recorded by the stopt clocks at 
San Rafael, Mare Island, and Berkeley, make it evident that the latter could not indicate 
a time materially too late, unless we assume a rate of propagation of the disturbance much 
too low to be permissible. It is extremely probable, however, that the clocks did indicate 
a time slightly too late, and I have therefore taken for the times of arrival of the heavy 
shock at Mare Island and Berkeley one second earlier than the clocks indicated; these 
clocks were all astronomical clocks, and, with their known corrections, were practically 
correct just before the shock. The clocks at San Rafael were not astronomical clocks and 
may have been a little too fast; we can take 5** 12 ™ 32*, a half second earlier than thdr 
average, as the time of the shock at that place. The time at Mount Hamilton requires 
no modification. 

We have therefore for the times, after S’" 12“ 30*, of arrival of the heaAry shock and the 
distances of the stations from the fault-line : San Rafael, ti = 2 seconds, di = 16 km. ; Mare 
Island, <2 = 6 , dj = 42; Berkeley, <3 = 8 , dg = 29; Mount Hamilton, <4 = 15, d 4 = 33.7. 
A glance at these data show that the shock was not simultaneous along the fault-line, for 
Berkeley and Mount Hamilton, less distant from the fault-line than Mare Island, felt the 
shock later. The times, with the positions of the stations as shown in fig. 1 , indicate 
that the strong shock originated in a limited area somewhere to the northwest of San 
Rafael. 

If, as in the case of the beginning of the shock, we use these four observations to deter- 
mine our four unknown quantities, we find an imaginary value for the depth of the cen- 
trum, showing that the observations are not perfectly accurate. We may then, as before, 
assume various positions for the centrum and find by the method of least squares what 
time of occurrence and what velocity of propagation will make the sum of the squares 
of the errors least. The following table shows the results of these determinations ; yo is the 
distance from a point on the fault-line opposite San Francisco to the origin, measured 
towards the nortWest; Sq is i'i’s depth of the centrum below the surface; the time of 
occurrence, in seconds after S’" 12 “ 30*; v, the velocity of propagation in kilometers per 
second; and A*, the sum of the squares of the errors in seconds ^ween the calculated and 
observed times. It is to be noticed that the velocity is too high except in one case. 
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Tabui 1 . — Timet, Veloeitiet, and Btren for 
Varum* Pomtione of Poeua. 


Vo. 

•n* 


V. 

A* 

20 

0 

31.0 

7.7 

5.0 

20 

20 

20.8 

7.2 

10.2 

40 

0 

30.1 

8.3 

4.0 

40 

20 

28.0 

8.7 

5.0 

50 

20 

20.2 

8.8 

5.3 


If now we assume a velocity of 7.2 km. /sec., and repeat the calculations determining 
only we get the following results for various positions of the centrum : 


Table 2. — Tifnes and Errors for Various Positions of the Focus. 


Vip 


Id* 

A>. 

Bo- 

Mo. 

to. 

AS. 

20 

0 

30.5 

0.3 

50 

0 

27.8 

7.6 

20 

20 

20.8 

10.2 

50 

20 

27.4 

7.7 

30 

0 

20.8 

8.0 

60 

0 

26.7 

8.3 

30 

20 

20.2 

7.2 

60 

20 

26.2 

7.6 

40 

0 

28.0 

6.7 

60 

40 

25.1 

6.7 

40 

10 

28.8 

6.0 

100 

0 

21.0 

16.6 

40 

20 

28.4 

6.6 

100 

20 

21.6 

16.0 


There is not a very great difference in the sums of the squares of the errors for values of 
yo varying between 20 km. and 60 km., but they increase at both of these extreme dis- 
tances (errors of a few tenths are insignificant as they are partially due to approxima- 
tions in the calculations) ; and the times of coimse become earlier as the origin is placed 
further northwest. We may therefore adopt for the approximate position of the centrum 
of the violent shock, = 40 km. ± 20 km., Zo=‘20 km. ± 20 km., and for the time of 
occurrence, <0 = 5** 12“ 28* ± 2 seconds. The individual errors of the times of obser- 
vation become at San Rafael, Mare Island, Berkeley, and Mount Hamilton, respectively, 
+ 0.6 second, -I- 0.4, — 2.1, + 1.3. If in these calculations we had used a velocity of 6 
km. /sec. or 8 km. /sec., our results would not have been altered beyond the uncertainty 
indicated. We may therefore write for 


The violent shock 


’ =■ IS** 12“ 28^ ± 2 seconds G. M. T., 

X = 122® 48' W. ± 6', 

<l> = 38® 03' N. ± 4', 

2 o °° 20 km. ± 20 km. 


The point lies between Olema and the southern end of Tomales Bay. This position of the 
point of beginning of the violent shock receives some confirmation by the fact that the 
violence of the shock was probably as great in this neighborhood as anywhere, and that 
the displacements along this part of the fault-line were the greatest recorded. 


THE DEPTH OF THE FOCUS. 

There are two ways of determining the depth of the focus : observations of the times 
of arrival of the shock at various stations and by a consideration of the distribution of the 
damage and other effects produced by the disturbance over the surface of the earth. The 
two methods do not determine identically the same point. The time method gives the 
location and depth of the point where the shock started, whereas the method depending 
upon the distril^tion of intensity gives the depth of the whole of the fault-plane. 





12 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


First : a glance at fig. 2, where / represents the focus of the shock, will show very clearly 
that the distance from the focus to the various stations depends ui)on its depth, and if we 

knew the exact time of the shock, the time of 
the arrival at the stations and the velocity of 
propagation, we could immediately calculate 
the depth of the focus. As a matter of fact 
we do not know the exact time of the shock, 
nor do we know the exact velocity, but by 
observations at a number of stations all these quantitit's could Iw determined, provided 
the observations were sufficiently accurate. Here, however, is where the difficulty lies. 
The table on page 119, which givt« the time of the arrival of a disturbance according 
to the distance of the station from the epicenUir and the depth of the focus, shows 
that this time is very slightly affected by the depth of the focus when the distances are 
as great as three or four times this d(;pth; and therefore to get from time observations 
an even fairly approximate value of the depth we must have a mimber of stations very 
close to the epicenter, and the observations must be extremely accurate — to within a 
second or so. Ncflther of these conditions have been satisfactorily fulfilled heretofore, 
and determinations of the depth of the focus based on this method are unreliable. In the 
case of the California earthquake the oliservations at the four stations considered are 
prolmbly more favorable, both as to the situations of the stations and the accuracy of the 
observations, than has been realized at any former earthciuake ; but nevertheless it has 
been shown that they are not sufficiently accurate to determine the various unknown 
quantities in the problem, and they merely indicate that the dcipth at which the violent 
shock originated is probably not more than 40 km. The variation of this method by the 
use of Seebeck’s or Schmidt’s hodographs can not yield more reliable results; and its 
application when the time of arrival, not of the beginning of the .shock, but of a strong 
refinforcement of the motion, is used is by no means to be recommended ; for in this case 
we can not say that the special part of the disturbance observed has traveled directly 
thru the body of the earth ; and the whole theory of the method depends upon this sup- 
position. In some cases it is (juitc evident that the time of arrival of the long waves has 
been used, and these waves are supposed to be propagated along the surface.* 

Second : the distance of points from the focus will increase more slowly with their di.s- 
tance from the epicenter for deep than for shallow foci, and therefore the intensity of the 
action at the surface will diminish more slowly. Maj . E. Dutton has .shown that if we 
consider the extent of the origin small and the damage done by the shock at the surface 
proportional to the energy of the motion there, the (shange in the amount of damage will 
be most rapid at a distance from the epicenter of about 1.7 times the depth of the focus ; 
and this distance is independent of the actual intensity of the shock.* 

If we attempt to apply this method to the California earthquake, we meet with many 
difficulties. The disturbance was by no means confined to a small area, but was spread, 
more or less unevenly, over the whole fault-plane. It probably did not take place simul- 
taneously, but varied in time at different parts of the fault. If it had occurred simultane- 
ously, the method might be applied by adding up the effects due to the different parts of 
the fault, but if the movement occurred even at slightly different times in different parts 
of the fault, their effects at some points would be successive and at some points simultane- 
ous. The general averaging of these results might, however, enable us to form a rough 

‘ See for example Faidiga; “Das Erdbcben vom Sinj am 2 Juli, 1898,” Mitt. F.rdb.-Com., K. Akad. 
Wias. Wien, No. xvn, 1903. The time of arrival of the second preliminary tremors wouid be a better 
time to use than that of the first preliminary tremors; for they travei oiiiy about two-thirds as fast, and 
therefore the differences in their times of arrival would be solhewhat’ greater at two stations of slightly 
different distances from the centrum. 

’ The Oharleston Elarthquake of August 31, 1886. 9th Ann. Rep. U. S. Geol. Surv., 1887-1888, 
pp. 313-317. 
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estimato of the depth if we were not confronted by another difficulty, namely the varia- 
tions of the effects due to the character of the foundation. These variations, as shown 
on the general map. No. 23, and on the intensity map of the city of San hVancisco, No. 19, 
are so great that it is quite impossible to obtain accurate values for the depth of the fault 
all along its course; but opposite Point Arena the isoseismals are sufficiently regular 
to throw some light on the subject. In attempting to solve this problem, we must make 
a number of assumptions, which are by no means exactly true, but are nearly enough so to 
make our result of some value; they are: that the amount of energy sent out by each 
element of the fault-plane per unit time was the same ; that the amount of energy sent 
out in any direction from each element was proportional to the cosine of the angle between 
that direction and the nonnal to the fault-plane ; that the strong disturbance continued 
for a sufficient time all along the fault-plane to permit us to assume that points not very 
distant were receiving simultaneously the strong vibrations from a length of the fault- 
plane 8 or 10 times as great as their di.stances from it; and that the effective force at any 
l)oint is proportional to the square root of the energy of the disturbance at that point. 

With these assumptions we can determine the energy of the disturbance at any point 
not far from the fault by adding together the amounts of energy sent to that point by 
each (element of the line. 

The vibrational disturbances at the various points of the fault-plane do not unite to 
form a single wave-front, for the movements must be in different phases at different 
points, and both distortional and longitudinal vibrations in various directions are present ; 
for this reason it might appear that the energy would be sent out uniformly in all directions 
and not according to the cosim? law ; but if we make this assumption, we find an infinite 
amount of energy near the fault, which is, of courses, impossible, and we are therefore? leel 
to assume the e:e>sine law, which is probably not very far wrong.* 

For a simple harmonic vibration of a given period the energy of the motion is pre>- 
portional to the square of the amplitude, and the maxi- 
mum acceleration to the amplitude itself, that is, to the 
se}uare root of the energy. When we consider that, at 
every place where the disturbance was felt, the vibra- 
tions were in all directions and had various i>eriods and 
amplitudes, we see that it is quite impossible to deter- 
mine the true acceleration, but the sejuare root of the 
energy will be roughly proportional to it. Professor 
Omori has shown that the eff(?ctivc force is proportional 
to the acceleration and has (estimated the valutas of the 
various degrees of the Rossi-Forel Scale in terms of 
actual accelerations.* 

In fig. 3 let P be the point on the earth’s surface at 
which the disturbance is to l)c determined and x its 
perpendicular distance from the fault-plane, O'OW. Let h be any element of the 
fault-plane, whose depth below the surface is z and whose distance from O', measured 
parallel to 0'6', is y. Then the energy of the disturbance at P is found by adding the 
amounts sent from all such elements of the fault-plane, remembering that the intensity 

^ It is also probable that the vibrations sent out from each point are regular only for a very short 
time. These considerations lead to the conclusion that no places on the earth’s surface experience a 
low intensity of disturbance on account of the interference of vibrations; for altho the interference 
might exist at a particular moment, the irregularity of the motion would only allow it for a very short 
time ; and the intensity ascribed to a particular place is the maximum intensity which is felt there at 
any part of the shock. On the other hand, it is quite possible for strong vibrations from two parts 
of the fault-plane to combine and cause unusual intensity along a particular line or zone. No definite 
instances of this, however, can be cited in the case of the California carthouake. 

’ Publications of the Earthquake Ibvestigation Commission in Foreign Languages, No. 4. 



14 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


dies down inversely as the square of the distance; the energy at P is, therefore, 
proportional to 


where D is the depth of the fault. The limits of the integral along the fault assume 
an infinite length for the fault; but the result is practically the same if the angle 
between two lines drawm from the ends of the fault to P is nearly 180**; that is, if the 

I D 

distance of P from the fault is small compared writh its length. The values of \tan~*'i' 

have been plotted in fig. 4 in terms of It will be noticed it is a function of ^ and is 

independent of the actual intensity of the disturbance at the fault-plane; but unlike 
Major Dutton’s energy curves, there is no point of inflection in our curve (this is due 


/ ,a ^+x 






= 2 tan , 

X 



to the fact that the fault-plane is not confined to a considerable depth, but extends to 
the surface of the earth). We must therefore, to determine the depth of the fault, deter- 
mine the distance of the point where the force bears some defiitite proportion to the 
force in the immediate neighborhood of the fault-plane, for instance, where it is half as 
great. We find from the curve that the distance of this point is about 2.5 times the 
depth of the fault. We must, now, from our map of intensities determine the actual 
distance from the fault-plane of the points where the force had diminished to half its 
value at the fault-line. Professor Omori * has estimated that the acceleration on the 
made ground in San Francisco was somewhat less than 2,500 millimeters per second per 
second, and therefore the acederation on rock at the fault-plane may be taken at about 
this vdue. According to Professor Omori’s scale, a force about half as great, or 1,200 
millimeters per second per second, corresponds to the degree VIII of the Rossi-Forel 
Scale, and this isoseismal occurs at a distance of about 20 km. from the fault-line opposite 
Point Arena; 20 km. is therefore 2.5 times the depth of the fault, which accordingly 
becomes 8 km. We must not attach too much importance to this result; the assump- 
tions and the data are all too inaccurate, but we can accept it as indicating that in the 
neighborhood of Point Arena the fault could hardly have extended to a greater depth 
than 20 km. and probably was not so deep. The distribution of isosdsmals north of 
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San Francisco Bay show that this conclusion is applicable to all that part of the fault; 
but further south the isoseismals, where not greatly affected by soft ground, lie close 
to the fault, indicating a smaller depth. 

Both methods of determining the depth of the fault agree in indicating that it is com- 
paratively shallow; the only considerations opposing this are: its length, its compara- 
tive straightness, its independence of the topography, which it seems to have controlled 
rather than to have followed, and the veiy considerable geologic time which has elapsed 
since movements were first inaugurated along the rift (vol. i, pp. 48-^2). All these 
facts undoubtedly suggest great depth, but our ignorance of the causes leading to the 
fault movements makes us attach greater weight to the more definite conclusions already 
arrived at, and to regard the movement of April 18, 1906, as comparatively shallow. It 
is the general bdief of geologists that fractures of the rock are confined to a crust of small 
thickness ; Professor Van Hise estimates that about 12 km. is the greatest depth to which 
they can reach, and he bases this estimate on the consideration that the weight of the 
overlying rock is sufiScient at that depth to prevent the formation of cracks or crevices. 
He writes: “In rocks which were bent when so deeply buried that cracks or crevices 
could not form even temporarily, it is probable that the material flowed to its new posi- 
tion quietly, without shock, under the enormous stress to which it was subjected.”* 
But this is not a sufiicient criterion; rock can fracture by shearing without the forma- 
tion of crevices just as a block can slide on a second one without separating from it ; in 
the case of the California earthquake there is no necessity for believing that the two 
sides of the fault did not always remain in contact while they were slipping past each 
other, and, as is pointed out further on, the movement near the ends of the fault is taken 
up by dastic or plastic distortion. 

The temperature increasing with the depth increases the plasticity of the rock, but 
the increasing pressure increases its rigidity to a greater extent, at least for forces like 
those due to elastic vibrations and the tides of short periods, which do not continue to 
act for a very long time in the same direction ; but for long-continued forces in the same 
direction, provided they do not increase too rapidly in intensity, the plasticity probably 
allows slow deformation and prevents the forces from ever reaching the ultimate strength 
of the rock. 

The question which must be answered to determine the depth to which fractures can 
occur is: At what depth does the plasticity of rock become sufficient to enable it to 
3rield to the stress-difference, which may exist there, rapidly enough to prevent this 
stress-difference from reaching the ultimate strength of the rock ? Unfortunately we 
do not know any of the elements of the problem, neither the plasticity of the rock as 
dependent on pressure and temperature, nor the rate at which strcss-^fferences accu- 
mulate at distances below surface. It is probable that the point at which a fracture first 
occurs is not the lowest point to which it extends ; for when the break comes, the forces 
are sudd^y transferred to nearby points, and thus the fracture may be carried to depths 
where no fracture would take place otherwise. 

There is vety little observational evidence bearing on the question we are discussing. 
The Appalachian Mountains are characterized in Pennsylvania by open folds and few 
faults ; as we follow the range to the southwest the folds become closer and the faults 
increase, and in Tennessee, North Carolina, Georgia, and Alabama, the faulting becomes 
excessive. Mr. Bailey Willis has pointed out * that the thickness of the sediments above 
the Cambro-Silurian limestone was about 23,000 feet (7,000 meters) in Pennsylvania, 
10,000 feet (3,000 meters) in southwestern Virginia, and only 4,000 feet (1,200 meters) 
in Alabama; and he thinks the differences in folding and faulting are due to the differ- 
ences of the loads when the deformations took place. This indicates that faults are 
very shallow. 

‘ Principlee of Pre-Cambiian Oeologv, 16th Ann. Aep. U. S. Geol. Surv., 1894-95, pp. 693-595. 
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THE RESULTS OF THE SURVEYS. 

Accurate surveys of a part of the region traversed by the fault-line of 1906 were made 
by the U. S. Coa.st and Geodetic Survey at various times. These have been grouped 
for the sake of discussion into three periods, namely: I, 1851-1865; II, 1874-1892; 
III, 1906-1907. These surveys, as discust by Messrs. Hayford and Baldwin (vol. i, 
pp. 114-145), show that in the intervals between the surveys certain definite displace- 
ments of the land took place. They bring out especially well the displacements which 
took place in the region north of San Francisco and the Farallon Islands during the 
time between the II and III surveys, an interval which included the earthquake of 
1906. The field ol)servations and the surveys were complementary; the former deter- 
mined the relative displacements at the fault-line, and the latter the displacements at a 



distance from it. The results of Messrs. Hayford and Baldwin may be exprest by fig. 5 ; 
they show that the displacements reached a maximum at the fault and were smaller 
as the distance from the fault was greater, in such a way, that a line which, at the time 
of the II survey, was straight, as A'C/C, had, at the time of the III survey, been broken 
at the fault and curved into the form A'B', D'C'. And, altho at a few points there is 
an indication of a compression or an extension at right angles to the fault, generally the 
movement was parallel with it. The figure is drawn to scale from the sunmuuy on 
page 133 (vol. i) and shows how the displacements diminish with the distance from the 
fault. The scale of displacements is 1,000 times that of distances ; the curvature of the 
lines is so very small that it would be imperceptible if the two scales were the same. 

The known length of the fault is about 435 km. (270 miles) and it is quite possible 
that it may be somewhat longer below the surface. Whatever may be its length, the 
fault terminates at some points beyond which no slip took place; the eastern side of 
the fault moved towards the southern region of rest and away from the northern region 
of rest; and the western side of the fault did just the opposite; there must have resulted 
near the northern end of the fault a compression of the land on the western side and an 
extension on the eastern; and near the southern end the extension must have been on 

10 
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the western side and the compression on the eastern side. There may have been a more 
or less irregular distribution of compressions and extensions along the course of the fault 
due to differences in the amount of the movement, but these, according to Dr. Hayford, 
arc slight except in the region just south of San IVancisco. The question arises : How 
were these compressions and extensions taken up? Did the volume remain constant 
and the density change; or did the density remain constant and the volume change; or 
did both changes occur? We have not sufficient evidence to answer this question; 
but the general properties of matter would indicate that both changes occurred. To 
the north of San Francisco Bay there seems to have been, in places, a very slight eleva- 
tion of the land west of the fault, and the only satisfactory explanation so far offered of 
the action of the tide-gage at Fort Point (described in vol. i, pp. 367-371) indicates a 
small depression of the west side of the fault opposite the Golden Gate. It is not im- 
possible, altho it is by no means clearly indicated, that the slight elevation of the western 
side along the northern part of the fault may be due to an increase in volume there, and 
that the probable depression opposite the Golden Gate may be due to a decrease in vol- 
ume, which must liavc taken place in that region, on account of the smaller displace- 
ment just south of it. 

lletuming now to the curving of former straight lines at right angles to the fault as 
shown in fig. 5, the first analogy suggested by the lines is that of a bent beam. If a beam, 
which is long in proportion to its thickness, is supported at one end and a weight hung 
from the other, the beam bends into a curve very much like that shown in the figure; 
the under, concave surface is corni)rcst; the upper, convex surface is stretcht; and 
between the two there is a neutral plane which is neither comprest nor stretcht. But 
when the thickness of the beam is great in comparison with its length, the distortion is 
due to the elastic shear of each layer over its neighbor. In this case the thickness of the 
beam would be 435 km. (270 miles) and the length probably less than one-twentieth as 
much; so that the distortion must have been due to shear and not to bending in the 
ordinary sense of the word. 

THE NATURE OF THE FORCES ACTING. 

We know that the displacements which took place near the fault-line occurred sud- 
denly, and it is a matter of much interest to detennine what was the origin of the forces 
which could act in this way. Gravity can not be invoked as the direct cause, for the 
movements were practically horizontal; the only other forces strong enough to bring 
about such sudden displacements are clastic forces. These forces could not have been 
brought into play suddenly and have set up an elastic distortion; but external forces 
must have produced an clastic strain in the region about the fault-line, and the stresses 
thus induced were the forces which caused the sudden displacements, or clastic rebounds, 
when the rupture occurred.* The only way in which the indicated strains could have 
been set up is by a relative displacement of the land on opposite sides of the fault and 
at some distance from it. This is shown by the northerly displacement of the Farallon 
Islands of 1.8 meters between the surveys of 1874-1892 and 1906-1907, but the surveys 
do not decide whether this displacement occurred suddenly at the time of the earth- 
quake, or grew gradually in the interval between them ; there are valid reasons, however, 
for accepting the latter alternative, as the following considerations show : The Farallon 
Islands are far beyond the limits of the elastic distortion revealed by the surveys, so 
that we can not ascribe their displacement to elastic rebound; and we have seen that 
this is the only kind of force which could have produced a sudden movement ; and what 

^ We use the words strain and stress as they are used in the theory of elasticity. A strain is an elastic 
change of shape or of volume caused by external forces; and a stress is a resisting force which the body 
opposes to a strain^ and with which it tends to diminish it. 
o 
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is still more convincing, we shall shortly see that not only was the displacement of 1.8 
meters of the Farallons between the survey of 1874-1892 and 190&-1907 insufficient to 
account for the slip on the fault, but the additional displacement of 1.4 meters which 
they experienced between the surveys of 1851-1865 and 1874-1892 leaves this quantity 
still too small. 

We must therefore conclude that the strains were set up by a slow relative displace- 
ment of the land on opposite sides of the fault and practic^y parallel with it; and that 
these displacements extended to a considerable distance from the fault. Let us consider 
this process; suppose we start with an unstrained region, fig. 6, in which the line AOC 
is straight; suppose forces parallel to B'^iy to act on the r^ons on opposite sides of the 
line so as to displace A and C to A' and C " ; the straight line AOC will be distorted 



into the line A"OC'*‘, if the distortion is beyond the strength of the rock, a rupture will 
occur along ; the line A^OC" will be broken and the two parts will become straight 
again and will take the positions A^O^ and C^Q^; and will represent the relative 
slip at the line of rupture, which will be equal to A" A'", the sum of the opposite dis- 
placements which A and C gradually experienced when they were brought to A" and C". 
All points on the western face of the fault will move a distance 00* to the north, and all 
points on the eastern face a distance OQ* to the south. The straight line which occu- 
pied the positions A*0* and 0*0* just before the rupture will be distorted to A*JS* and 
0*0*, these lines being exactly like A*0 and 0*0, but turned in opposite directions. 
The sum of 0*JS* and O*^" will exactly equal 0*0*, the total slip. 

When we examine the actual displacements alx)ut the fault-line, we find that the slip 
ffiy, fig. 5, about 6 meters, is fully 4 meters greater than the relative displacement of 
A' and C* since the survey of 1874-1892; this means that the region was not unstrained 
at that time, but that A' and C' had already suffered a relative displacement of about 
4 meters from their unstrained positions ; that is, two-thirds of the stress which caused 
the rupture had already accumulated 25 years ago. Going still further back to the 
surveys of 1851-1865, we find that the total relative displacement of distant points on 
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opposite sides of the fault since that date amounts to about 3.2 meters, a little more than 
hdf enough to account for the slip on the fault-plane ; therefore 50 years ago the elastic 
strain, which caused the rupture in 1906, had already accumulated to nearly half its 
final amount. It seems not improbable, therefore, that the strain was accumulating 
for 100 years, altho there is no satisfactory reason to suppose that it accumulated at a 
uniform rate. 

We can picture to ourselves the displacements and the strains which the r^on has 
experienced as follows : let AOC (fig. 6) be a straight line at some early date when the 
region was unstrained. By 1874-1892, A had been moved to A' and C to C', and AOC 
had been distorted into A^OC * ; by the b^inning of 1906, A had been further displaced 
to A" and C to C, the sum of the distances A A" and CQ' being about 6 meters; and 
AOC had been distorted into A"OC". When the ruptiwe came, the opposite sides of 
the fault slipt about 6 meters past each other; A^O and 0*0 straightened out to A^O* 
and OQ * ; and the straight lines which occupied the positions A"0* and just before 
the rupture, were distorted afterward into the lines A''B* and Oiy, these lines being 
exactly like the lines A"0 and 0*0 but turned in opposite directions. The straight lines, 
which occupied the positions A'O* and C'Q* in 1874-1892, were distorted into A^O* and 
O'Q' in the beginning of 1906; at the time of the rupture their extremities on the fault- 
line had the same movements as other points on that line ; O moved to B* and O' to ly. 
If we should move the left half of our figure so as to make A'O* continuous with C'Q*, 
fig. 6 would then be practically similar to fig. 5 and similar letters in the two figures 
would refer to the same points; in fig. 5, however, we have supposed C' to remain sta- 
tionary and have attributed all the relative movement to A', whereas in fig. 6 we have 
divided the movement equally between A' and C'; as we do not know the actual, but 
only the relative, movement this difference has no significance. 

What was actually determined by the two surveys were the distances of points on the 
line C'jy and A^B* in fig. 5 measured from the line C*A' ; and this is equiv^ent in fig. 6 
to the distances of the line O'D' from OQ**, and A^B* from O' A"* less the distance O'Q'- 
The divergence of the lines A''B' and O'!/ from straight lines does not represent 
the strains which existed in the region just before the rupture, but only the strains 
accumulated before 1874-1892; we have seen that the total strains set up by 1906 are 
represented by the divergence from straight lines of the lines A^O and 0*0, or their 
counterparts, A'B" and O'D''. 

ILLUSTRATIVE EXPERIMENTS. 

The following very simple experiments were made to illustrate the conclusions we have 
arrived at regarding the clastic strains and the relations between the slip at the fault- 
plane and the displacements of distant points. A sheet of stiff jelly about 2 cm. thick 
and 4 cm. wide was formed between two pieces of wood (fig. 7) to which it dung fairly 
well. A straight line AC was drawn on the jelly, which was then cut by a sharp knife 
along the line tt'; the left piece of wood was then moved about 1 cm. paralld with ft', 
as shown in fig. 8; a slight pressure on the jelly prevented slipping along the cut line; 
the jelly was thus subjected to an even shear thruout and the original straight line AC 
was distorted into the line A'C; when the pressure on the jelly was removed, the elastic 
stresses set up by the distortion came into action, the two sides of the jelly slipt past 
each other along the line ft', A^O straightened out to A^O", and CO to CQ", the slip ^0" 
being equal to the distance AA"; and all the strain in the jelly was relieved. (The 
difference in the straight line A^OC in the jelly and the curved line A^OC" (%. 6) in the 
rock will be explained later.) 

A second straight line A'O'C" was drawn across the jelly after A had been displaced, 
but before it was allowed to slip on the line ft' ; when the ^p took place, this line broke 
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at 0* and took the position A'^B" and C'i)'; the slip equaled the displacement 
AA"] but the points A* and C", of couree, remained unmoved. 

A third experiment was made. A line A'C' (fig. 9) was drawn after the jelly had 
been distorted, exactly as in the last experiment ; the left piece of wood was then moved 
0.5 cm. further and the line was distorted into when the jelly slipt and resumed 




its unstrained position, the line A^OC' broke into the two lines A"B' and C'E / ; the slip 
jyB' was 1.5 cm., equal to the total displacement of the left piece of wood from its original 
position when the jelly was unstrained; and the distances of points on the line A''B' 
near the fault, measured from the line A'C', were about twice the distances from A'C' 
of points on the line C'D' at equal distances from tf'. But at a distance from ft' the 
displacements on the left were more than twice as great as those on the right ; which agrees 
with the relative displacements actually observed (vol. i, p. 134). With the exception 
of the straightness of the lines the last experiment reproduces exactly the characteristic 
movements which took place at the time of the California earthquake. The letters in 
figs. 7, 8, and 9 correspond to those in figs. 5 and 6. 

THE INTENSITY OF THE ELASTIC STRESSES. 

The forces which caused the rupture at the fault-plane are measured by the distortion 
of the rock there, and if we can determine the angles which the lines A"0 and C'O 
(fig. 6) make with AC at 0, we can estimate these forces; these angles can be deter- 
mined approximately from the analogous angles at B' and 2/. Let us determine what 
the latter angles are. The lines A"B' and C"iy are constructed from Dr. Hayford’s 
summary of the results of the surveys already mentioned and have the same curvature 
as the lines A^B' and C'ly in fig. 5; the data (vol. i, p. 133) may be collected in a 
table as follows : 

Table 3. — Displacements between H and III Surveys. 


No. or 
Points. 
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It will be observed that three points are determined on the eastern line near enough 
to the fault to enable us to draw the line fairly well and to extend it to the fault at ly 
(fig. 5). We have but two points determined on the western line near the fault, which 
are not enough to determine the character of the line ; but a third point is determined 
from the fact that B' must be about 6 meters from D', and we can therefore draw the 
western line fairly well also. Its general form is like that of the eastern line, but its 
curvature is somewhat less. This is probably in part due to the fact that the rocks on 
the western side of the fault are more rigid than those on the eastern side; for former 
movements on tliis fault have raised the western side relatively to the eastern and 
brought the more rigid crystalline rocks nearer the surface. 

In fig. 6 = (yO" = 0.9 meter, that is, half of 1.8 meters, the total relative dis- 

placement of A' and C' between the two surveys ; and since CyB" is a little less than 
half the total slip, on account of the greater rigidity of the western rocks, we may esti- 
mate it at 2.8 meters. Therefore O'^'f^quals 1.9 meters, and (yB" is 1.47 times O^B'; 
and since the curves A^B' and A"B" are both curves of <ilastic distortion of the same sub- 
stance the angle at B" must be 1.47 times that at We can measure the angles at B' 
in fig. 5 and we find it 1/2,500; therefore the angle at B" is 1/1,700; similarly we find 
the angle at D* to be 1/1,000. 

We can determine the force necessary to hold the two sides together before the rupture, 
which must exactly have equaled the stress which caused the break. The force per square 
centimeter is given by the expression ns where n is the coefficient of shear and s is the 
shear, measured by the angle at 0 or for the western side of the fault, or the angle at 
0 or ly for the eastern side. We shall see further on that in the crystalline rocks below 
the surface the strain was somewhat greater than at the surface, so that we may assume 
that the angle corresponding to B" lower down may be as high as 1/1,500. 

The experiments of Messrs. Adams and Coker * give the value of n for granite as 2 X 10“ 
dynes per square centimeter (2,900,000 pounds per square inch) ; therefore the force 
necessary to produce the estimated distortion at the fault-plane at a short distance below 
the surface is 1/1,500 of this, or 1.33 X 10* dynes per square centimeter (1,930 pounds 
per square inch). There are no very satisfactory determinations of the strength of gran- 
ite under pure shear; tests made at the Watertown Arsenal * gave values ranging between 
about 1.2 X 10“ and 1.9 X 10“ dynes per square centimeter (between 1,700 and 2,900 
pounds per square inch), but these values are apparently too small, for the specimens 
were subjected to tensions and compressions as well as to shear. The rock at a distance 
below the surface would probably have a greater resistance to shear on account of pressure 
upon it, and moreover it has not been subjected to the changes of temperature, etc., 
which the surface rocks experience, so that it probably has a strength greater than the 
higher figure given. We must therefore conclude that former ruptures of the fault- 
plane were by no means entirely healed, but that this plane was somewhat less strong 
than the surrounding rock and yielded to a smaller force than would have been necessary 
to break the solid rock. This idea is strongly supported by a comparison of the distance 
to which this shock and the earthquake of 1886, at Charleston, South Carolina, made 
themselves felt. With a fault-length of 435 km. (270 miles), the California earthquake 
was noticed at Winncmucca, Nevada, a distance of 550 km. (350 miles) at right angles 
to the fault; whereas the Charleston earthquake, with a fault-line certainly less than 

^ This reasoning is not perfectly rigid; the similarity of the lines depends upon the similarity of 
strains set up during the intervals between the I and II, and the II and III surveys. These were prob- 
ably fairly similar, as the difference between them represents the strain added between the II and III 
surveys which was only a fraction of the total strain at the time of the break; and the results obtained 
upon this assumption can not be very far wrong. 

’ An Investigation into the Elastic Constants of Rocks. Frank D. Adams and Ernest G. Coker, 
Carnegie Institution of Washington, Publication No. 46, 1906. 

* Report of Tests of Metals, etc., made at the Watertown Arsenal, 1800, 1894, 1895. Washington, D.C. 
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40 km. (25 miles) long was felt slightly in Boston, a distance of 1,350 km. (850 miles). If 
we MsuTTift that the vibrations from the two disturbances had about the same periods and 
that a certain acceleration is necessary for a shock to be felt, we find that the ampli- 
tude of the vibration must have been about the same at Boston and at Winnemucca, for 
the two shocks, respectively ; as the amplitude would diminish inversely as the distance 
for the Charleston earthquake, but much more slowly for the California earthquake on 
account of the length of the fault-line, the amplitude of the former disturbance must 
have been many times as great as that of the latter at the same distance from the origin ; 
and the intensity must have been very many times greater per unit area of the fault-plane 
for the Charleston earthquake than for the Califomia earthquake. 

The above calculation of stresses applies especially to the region north of San Francisco ; 
to the south the slip at the fault-line was, in places and perhaps for all this part of the 
fault, somewhat smalla*. At Wright the slip on the fault-plane in the tunnel is given 
by the engineers as 5 feet, and the west side was shifted toward the north (vol. i, fig. 42, 
and pp. 111-113). This is a case of elastic rebound as at other parts of the fault. The 
character of the material in the tunnel and the numerous cracks in the surrounding moun- 
tain, one of which shows a relative shift opposite to that generally observed (p. 35), 
lead us to expect more or less irregularity in the distortion of the tunnel, which is con- 
firmed by the figure. The greatest angle of shear must be something more than half 
the slip at the fault-plane divided by the distance over which the distortion is distributed ; 
this gives 2.5/5,150 or 1/2,000, approximately. The angle of distortion is apparently 
slightly less We than further north. The smaller slip in the neighborhood of Colma, a 
little south of San Francisco, may be due to the partial relief of strain by the earthquake 
of 1868; for it shows that this r^ion was under less strain at the time of the II survey 
than the region further north. 

THE WORE DONE BY THE ELASTIC STRESSES. 

We can also determine the work done at the time of the rupture; it is given by the 
product of the force per unit area of the fault-plane multiplied by the area of the plane 
and by half the slip. If we take the depth of the fault at 20 km. (12.5 miles), the length 
at 435 km. (270 miles), the average shift at 4 meters (13 feet), and the force at 1 X 10* 
dynes per square centimeter (1,450 pounds per square inch), we find for the work 1.75 X 
10** ergs (1.3 X 10** foot-pounW> or 130,000,000,000,000,000 foot-pounds.* This energy 
was stored up in the rock as potential energy of elastic strain immediately before the 
rupture; when the rupture occurred, it was transformed into the kinetic energy of the 
moving mass, into heat and into energy of vibrations ; the first was soon changed into 
the other two. When we consider the enormous amount of potential energy suddenly 
set free, we are not surprised, that, in spite of the large quantity of heat which must have 
been devdopt on the fault-plane, an amount was transformed into elastic vibrations 
large enough to accomplish the great damage resulting from the earthquake and to shake 
the whole world so that seismographs, almost at the antipodes, recorded the shock. 

THE DISTRIBUTION OP THE DEFORMINO FORCES. 

In examining what forces could have caused the slow displacements which brought 
about the strains existing in the region before the rupture, we note that gravity does 
not seem to have been directly active, as the displacements were practically horizontal. 
Any force except gravity could only have been applied to a boundary of the region 

‘ It is probable that the maximum strain was not produced at all parts of the fault-plane, and espe- 
cially not near its ends; but when the rooks broke at one place, the stress was thrown upon adjacent 
parts and the fracture thus carried alonf;; in this way the fault was probably made much longer tnan it 
would otherwise have been. This consideration leads us to put the maximum stress at thrM-quarters 
the value determined from the distortion of the rock. 
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moved. There is no direct evidence that forces brought into play by the general com- 
pression of the earth thru cooling or otherwise were involved, for there is no evidence 
that the surface of the earth was diminisht by the fault. It is true that the surveys 
did not extend over the whole length of the fault, and therefore are not decisive on this 
point, but so far as they went they show an extension of the region between San Fran- 
cisco and Monterey Bay, between the surveys of 1851-1865 and 1906-1907. 

A strong, shearing force would be produced along the fault-plane by forces making an 
angle in the neighborhood of 45° with it ; that is, by either tensions or compressions in 
directions roughly north and south or east and west, or by a combination of the two. A 
tension alone could not have caused the rupture, for the^ the sides would have been pulled 
apart; an east-west compression would have brought Mount Diablo and the Farallon 
Islands nearer together and would have reversed the observed relative movements on 
opposite sides of the fault. The surveys, altho not entirely decisive, are against a north- 
south compression; and, moreover, the elastic distortion accompanying a compression 
which could produce a fracture 435 km. long would not have been restricted to a zone 
extending only 6 or 8 km. from the fault-plane. A shear exerted by forces parallel with 
the fault-plane on the eastern and western boundaries (which is equivalent to a north- 
south compression and an east-west tension at the boundaries) with no resistance at the 
under surface would have produced an even shearing strain thruout the region between 
them; and straight lines would have been changed into other straight lines, exactly as 
occurred in the experiments described above and illustrated in Bgs. 8 and 9. An additional 
compression or tension in any direction would not have ^ 
altered this characteristic. Similar forces on the eastern 
and western boundaries with forces at the under surface a 
resisting the movements would have produced some 
such distortion of the straight line AC into A'C' as 
shown in fig. 10. The tendency to rupture would be 
greatest at A' and C' and least in the neighborhood of 0; it is evident that such forces 
could not have produced a rupture at 0, and the displacements are not like the dis- 
placements observed. 

The only other boundary is the under surface of the moved region, and it is here that 
we must suppose the disturbing forces applied ; and they must be distributed over this 
surface so as to produce the distortions oteerved. 

Note. — Mr. Gilbert has suggested a modification of the experiments described above ; 
instead of making the cut, which represents the fault, all the way thru the jelly, he suggested 
that it extend only a part way thru, and that it would thus more nearly represent the 
true conditions of the earthquake fault. This was tried, but the jelly was not strong 
enough to resist the forces developt during the displacement and the break was quickly 
extended all the way thru the jelly. It is not difficult, however, to see what forces would 
be developt under these circumstances. There are two cases: first, suppose' there exists 
below the crust a region practically devoid of elasticity, in which only viscous forces can 
act, and suppose the fault extends to this region; we then come back to the last case con- 
sidered. Second, suppose the elastic character of the rock extends well below the lower 
limit of the fault; such a case could easily exist if the strength of the rock increased with 
depth, even tho the strains continued far below the fault as great as they were within its 
limits. Let us consider the nature of the distortion produced in this case. We shall sup- 
pose the rock under clastic shearing strain, and when the rupture occurs, the shearing forces 
across the fault-plane, which upheld the strain, are annulled and the rock takes a new 
position of equilibrium under the new forces brought into action, in such a way that the 
surface line A'OC' (fig. 11), straight just before the rupture, afterwards takes the position 
A'O', jyC. Below the limit of the fault no change takes place, but the original vertical 
plane thru A'O'C has been broken and warped, suffering no displacement below the fault, 
but gradually increasing its distortion until it corresponds to AO' and WC at the surface. 
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An element of the surface a, on the eastern side of the fault; has been displaced to a' and a 
vertical line, a^o, thru a has been distorted into aW by an elastic shear. The forces parallel 
with the fault acting on the element in its new position are : a shearing force to the south- 
east on its northeastern face, one 
to the northwest on its south- 
western face, one to the north- 
west on its under surface due to 
the shear in the vertical plane; 
for equilibrium the sum of these 
must be zero, therefore the shear- 
ing force on the northeastern face 
must be greater than that on the 
southwestern ; this relation holds 
for the whole length of the line 
D'C'; the shearing stresses there- 
fore must become greater as we 
leave the fault-line. As the 
strains are proportional to the 
stresses, the curvature of the 
line must become greater 
boundary where the forces are 
applied. This is true whether the forces arc tangential forces applied along a boundary 
parallel with the fault, or a general north-south compression and an east-west tension. 
The surveys, however, on the east side of the fault, where alone they are sufficiently com- 
plete, show that the curvature of the distorted line was greatest near the fault-line; they 
could not, therefore, be due to a general compression and extension nor to simple tangential 
forces, but the distorting forces must diminish with distance from the fault-line; this could 
only hold if they were applied at the under surface, which brings us back to the conclusion 
already reached. 

Let us suppose the straight line WOE in fig. 12 to represent a line at right angles to the 
fault in the unstrained condition ; let this line be slowly distorted by the applied forces into 
the full line WAOCE just before the rupture. We have heretofore only considered the 
region between A and C, that is, between Mount Diablo and the Farallon Islands, but we 
now extend our consideration to the whole region moved. It is evident that the displaced 



the further we go from the fault, until wc reach the 
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area must have some limit ; the surveys only covered the region between A and C, and 
therefore throw no light on what occurred at greater distances from the fault. There is 
no reason whatever to believe that other ruptures and slips occurred outside the region 
between A and C; there is a gradual diminution of the intensity of the felt disturbance 
as the distance from the fault increases, with the exception of the Sacramento Valley, 
where the slight increase is entirely accounted for by the alluvial character of the ground, 
thus indicating that the whole disturbance originated in the one fault. The great intensity 
in the San Joaquin Valley may possibly be due to a local rupture; but this lies only 
opposite to the southern part of the great fault and does not affect the general argu- 
ment, which is especially applicable to the region north of San Francisco. We conclude 
therefore that the displacement gradually dies out to the west of A and to the east of C, 
tho it may continue for a very great distance; and we assume that the line of displace- 
ment becomes asymptotic to the undisturbed line WOE at some distant points, W and Ey 
which would be characteristic of any displacement gradually dying out. The shearing 
force at any point of this line is proportional to the shear, which equals the angle at that 
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point which the line makes with its original unstrained direction. We have represented 
the value of this force by the broken line WG'LH'E in fig. 12. Starting at W where it is 
zero, the shearing force becomes negative; that is, it is directed in a southerly direction, 
reaching a negative maximum at G', where the displacement curve has a point of infiection ; 
it then diminishes in value, becoming zero at il, where the displacement curve is parallel 
with its original direction ; it then increases rapidly in value, reaching a positive maximum, 
L, at 0, the point of rupture; the shearing force to the east of the rupture has somewhat 
the same value it has at an equal distance to the west, tho S 3 nnmetry is not required. 
The total shearing force which we have determined is not the force applied at each point 
under consideration, but is equal to the sum of all the forces applied to the east or west of 
the point; the actual force applied at each unit length of the line is proportional to the 
difference in value of the total shearing force at points a unit distance apart; that is, 
to the angle which the line representing the total shearing force makes with the line WOE ; 
it is represented by WGDOFHE in fig. 13. Starting with a zero value at W, it first has a 
small n^ative value but becomes zero again at G; it then becomes positive and increases 
to a maximum at D, where the line of total sheer has a point of inflection — and dies down 
rapidly to zero at 0, where the total shear is a maximum ; it has somewhat .similar but 
opposite values to the east of 0. 


Z)' 

^ 
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Without insisting on accuracy in small details the full line in fig. 13 shows in a general 
way the relative distribution of tho forces, applied at the under side of the moved region, 
which brought about the California earthquake. 

The distribution of the total shearing forces shows why in 1906 there was no break at the 
Haywards fault, where the break occurred which caused the earthquake of 1868. This 
fault is about 30 km. (18.5 miles) east of the San Andreas fault; and therefore in the 
neighborhood of C (fig. 12), where the survc}^ detected no displacement relative to 
Mount Diablo; in this region, as the figure shows, there was practically no shearing force, 
and therefore no break occurred. For the same reason there was no rupture at the San 
Bruno fault south of San Francisco. This fault is 4 km. (2.5 miles) east of the San 
Andreas fault and at that distance (fig. 5) the shearing force was only about one-third 
as strong as it was where the rupture actually occurred. We have seen that the elastic 
strain was probably accumulating for 100 years; it is quite possible, then, that the 
earthquake of 1868 partially relieved the strain for some distance south of San Francisco 
and that there would have been no fracture in this part of the San Andreas fault if ad- 
ditional strains had not been thrown on it by the rupture of the fault-plane further north. 

It is to be noticed that the distances from 0 to A and from 0 to C, beyond which no 
distortion of the rocks occurred, were probably less than 10 km. (6 miles), and the distances 
OG and OH, over which the distorting forces were distributed, were probably ten or more 
times as great, and the total area over which they were applied was many times as great 
as the area of the fault-surface; the applied forces were therefore considerably smaller 
per unit area than the shearing forces at the fault; for the sum of all these forces on each 
side of the fault-plane must have equaled the shearing force at that plane plus the small 
shearing force at G or H, due to the slight reverse curving at this point. 

As the dragging forces are applied at the base of the crust they have a moment about 
its center of gravity which is balanced by the moment due to stronger and greater shears 
near the bottom than near the top at the points G, 0, and H (fig. 12) ; and lines at differ- 
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ent distances below the surface which were straight and at right angles to the fault when 
the rock was unstrained became distorted in different degrees, the distortion from the 
surface downwards being somewhat as shown in fig. 14, where the three lines illustrate, 

in an exaggerated way, how the distortion of straight 
lines varies from the sm^ace (1) to the bottom (3). 
Both the shearing strain and the strength of the rock 
increase with the depth, but the rate of neither is 
known; the depth at which the rupture first occurs is 
the depth at which the shearing strain becomes too 
great for the rock to withstand. It is pretty certain that this would not be very near 
the surface, and also that it would not be at the lowest part of the subsequent fault, but 
somewhere between those two points ; for, wherever the rupture b^an, the strain must 
have been increased on all sides, the fracture must have been extended downwards as 
well as in other directions, until the strain was generally relieved. The determination, 
by time observations, of the origins of the earliest disturbance and of the beginning of 
the heavy shock place them between the surface and a depth of 40 km. (25 miles). 
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THE DISTRIBUTION OF THE SLOW DISPLACEMENTS. 

We have no information regarding the absolute displacements of the land at a distance 
from the fault-line; we merely know that relative displacements occurred between the 
surveys of 1851-1865 and 1874-1892 ; and also between 1874-1892 and 1906-1907. We 
have for the sake of simplicity assumed that the regions at a distance from the fault and 



Fig. 16. 


on opposite sides experienced nearly equal and opposite absolute displacements; but this 
is entirely unnecessary. It is possible, indeed probable, that the region on one side of the 
fault and at a short distance from it remained stationary, and that the slow displacements 
were all in one direction. The fact that the eastern side was above, and the western side 
below the sea-level, does not in the least indicate which side remained stationary ; but the 
constancy in length and direction of the line from Mount Diablo to Mocho suggests that 
the eastern side was not displaced; for it seems improbable that, if this side had moved. 
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the displacements would have been so nearly, alike at the points mentioned that no change 
could detected in the line joining them. Under this assumption our curve of displace- 
ments takes the form of the full line in fig. 15 instead of that in fig. 12. The curvature 
of this line between A and C is the same as in the former case ; to the east of C the line is 
straight, and at some point to the west of A it again reaches its unstrained position. The 
total shearing force (represented by the broken line in fig. 15) has practically the same 
values as in the former case, except that it dies out near C; and the applied forces per 
unit area (full line in fig. 16) do not differ materially from the former case except that 
they do not extend farther east than C. 
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A POSSIBLB ORIGIN OF THE DEFORMDfO FORCES. 

The reasoning so far has been strictly along dynamic lines and the results may be 
accepted with some confidence ; but in attempting to find the origin of the forces which 
produced the deformation we have been studying, we pass into the region of speculation. 

The theory of isostasy, which has been shown to be true on broad lines by geodetic 
observations, requires that there be flows of the material at some distance below the sur- 
face to readjust the equilibrium destroyed by the erosion and transportation of material 
at the surface. This suggests that flows below the surface i^ay have been the origin of the 
forces we have been considering, for as Dr. Hayford has pointed out,’ such flows would 
exert a drag on the material above them. The isostatic flows are the dii'cct result of 
gravity and therefore easily understood, but no explanation has been found for the flows 
suggested as the origin of the forces in the case under consideration ; nevertheless, as the 
forces must have been exerted at the lower surface of the moved region, it is worth while to 
determine the character of the flows which could have produced these forces, and leave 
to future observations the decision as to whether they really exist or not. Without 
assuming exact proportionality between the flow and the dragging force it exerts, we 
can say that the flow would be in the same directions as the force and would increase and 
decrease with it. Therefore the flow can be inferred from the diagram of forces in figs. 
13 and 16. In the first case they consist of a flow to the north between G and 0, and a flow 
to the south between 0 and ff; they would not be uniform, but starting with a zero value 
at 0 and ff, they would increase to maxima at O' and F', and decrease again to zero at O. 
The force between W and G, ff and E, would not be due to flows but would be due to the 
resistance to the displacement of that part of the crust by the undisturbed material below ; 
this displacement being due to the drag of the flows nearer the fault, transmitted elasti- 
cally thru the crust to these regions ; this is indicated by the reversed curvature of the 
line of displacements in fig. 12. The principle of continuity would naturally lead us to 
suppose that the flows were connected beyond the northern and southern ends of the 
fault ; these portions of the flow would be so far apart and would have so short a length in 
comparison with the portions flowing north or south that their effects would be relatively 
insignificant. It may appear that there is a suggestion here of perpetual motion, but this 
is not so ; all steady flows arc in closed circuits, and it is only in case we should disregard 
the necessity of a proper supply of eneigy, that we should fall into the fallacy of perpetual 
motion. 

The line of demarkation between the northerly and southerly flows need not necessarily 
lie exactly in the fault-line, but sufficiently near it for the growing shearing force to reach 
the limiting strength of the rocks at that point before it did at other pouits ; nor is it nec- 
essary to suppose that the flows remain either constant in strength or in position ; the con- 
trary seems more probable ; for if, as is natural to suppose, the forces which caused the 
earthquakes of 1868 and 1906 were of the same general character, the region of greatest 
shear, that is, the boundary between the flows, must have been in the neighborhood of the 
Haywards fault, about 30 km. (18.5 miles) further east, in 1868. Indeed, the displace- 
ments which occurred between the first two surveys indicate a somewhat different distri- 
bution of the flow from that suggested to explain the later displacements. 

At first thought we might suppose that the movement of Mount Tamalpais in opposite 
directions relative to Mount Diablo in the two intervals between the surveys would indi- 
cate that it was on opposite sides of the boundary during these intervals respectively, 
but this would not necessarily follow. During the whole time that strains were being set 
up all points west of C moved to the north with respect to it ; this relative movement in 
the second interval is represented on the eastern side of the fault by the distances between 
the lines C'Q' and CFQ^ in fig. 6; and if we consider the curves in the figure as similar 

' The Geodetic Elvidenoe of Isoetasy. John F. Hayford. Proc. Washington Acad, of Sol., 1896> 
vol. vn, pp. 25-10. 
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curves, it can be shown that these distances are a little less than four-tenths the observed 
distances between C"iy and C'Q”', at equal distances from the fault. The observed 
southerly displacement of Mount Tamalpais between 1874-1892 and 1906-1907 was 0.58 
meter; its northerly displacement between 1874-1892 and the beginning of 1906 must 
have IxKsn about 0.22 meter; and therefore its actual southerly movement at the time 
of the earthquake must have been 0.8 meter; and the opposite displacements of Mount 
Tamalpais in the two intervals would have occurred independently of the shifting of the 
underground flows. 

If instead of considering the displacements roughly symmetrical and in opposite direc- 
tions on opposite sides of the fault-line, wo prefer to consider that they were all northerly, 
the conditions are represented in flgs. 15 and 16 ; they are satisfied by the supposition of a 
single, northerly flow extending for some distance to the west, increasing to a maximum at 
D and diminishing rapidly to zero in the neighborhood of 0 (broken line in fig. 16). The 
southern force between O and C would be referred to the resistance which the underlying 
material would offer to the displacement of the crust above it.^ 

* Mr. Bailey Willis, on account of the forms of the mountain ranges bordering the Pacific Ocean, 
has concluded that the bed of the ocean is spreading and crowding admins t the land. He thinks in par- 
ticular that there is a general sub-surface flow towards the north \^ich would produce strains and earth- 
quakes along the western coast of North America. Science, 1908, vol. xxvii, p. 695. 



ON JfASS-MOVEMENTS IN TECTONIC EARTHQUAKES. 


THE HOVEHEETS BEFORE AEO DURIEO EARTHQUAEJBS. 

The following is the conception of the events leading up to a tectonic earthquake and of 
the earth-movements which take place at the time of the rupture, as developed by the 
observations and study of the California earthquake and by the comparison of these 
observations with what has been observed in other great earthquakes. 

It is impossible for rock to rupture without hrst being subjected to elastic strains 
greater than it can endure; the only imaginable ways of rapidly setting up these strains 
arc by an explosion or by the rapid withdrawal, or accumulation, of material below a por- 
tion of the crust. Both explosions and the rapid flow of molten rock arc associated with 
volcanic eruptions and with a class of earthquakes not under present discussion ; since 
earthquakes occur not associated with volcanic action, we conclude that the crust, in 
many parts of th(! earth, is being slowly displaced, and the difference between displacements 
in neighboring regions sets up clastic strains, which may become greater than the rock can 
endure ; a rupture then takes place and the strained rock rebounds under its own elastic 
stresses, until the strain is largely or wholly relieved. In the majority of cases, such as 
when there is a general differential elevation or dci)ression of adjoining areas, or where there 
are horizontal displacements, the clastic rebounds on opposite sides of the fault arc in 
opposite directions. The directions of the slow relative displacements on the two sides 
of the rupture and of the elastic rebounds, all of which are practically parallel with each 
other, may be vertical, horizontal, or inclined. 

The sudden displacements, which occur at the time of an earthquake, are confined to a 
zone within a few kilometers of the fault-plane, beyond which only the disturbances due 
to elastic vibrations are experienced. The distribution of the distortion of the rock at the 
time of the California earthquake shows that the elastic rebound and consequently the 
clastic shear was greatly concentrated near the fault-plane and was much reduced in 
intensity at even short distances from it ; this concentration of the shear brought about a 
strain sufficient to cause rupture after a comparatively small relative displacement of the 
surrounding regions; if the shear had been more uniformly distributed over a wider 
region, a larger relative displacement would have been necessary to cause a rupture and 
there would have been a greater slip at the fault-plane. Therefore, altho it is quite con- 
ceivable that regions at a distance apart of, let us say, several times 20 km., might be 
relatively displaced and set up a state of clastic strain in the broad intervening area, it 
would be necessary that the relative displacements of the distant regions should be at 
least several times 6 meters, in order that the strain should become great enough to cause 
a rupture ; and if the strain were less concentrated than it was in California, the relative 
displacements would have to be greater still. Itisonly inthc case of very large earthquakes 
that a slip as great as 6 meters occurs; and we may therefore infer that it is only in the 
case of largo earthquakes that the sudden elastic rebound is appreciable as far as 8 or 
10 km. from the fault-plane. 

The rupture does not occur simultaneously at all parts of the fault-plane; but, on 
account of the elastic qualities of the rock, it begins in a very limited area and spreads at 
a rate not exceeding the velocity of compressional waves in the rock. 

20 
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We should expect that the slow accumulation of strain would, in general, reach a 
maximum value and bring about a rupture in a single, comparatively narrow fault-zone; 
and this is probably what occurs for the majority of tectonic earthquakes, but it is quite 
conceivable that the strains should become so great along two or more separated zones, 
that the vibrations, set up by the rupture of one, might be sufficient to begin the rupture 
of the second ; or indeed, that the relief of strain at one might cause additional strain at 
the other and thus start the rupture there, tho this seems improbable if th^ are as much 
as 20 or 30 km. apart. But it does not seem possible that large blocks of the earth’s 
crust could be suddenly moved as a whole; if the material under the block slowly sank, 
the elasticity of the rock would allow the block to follow, stUl resting upon the substratum, 
and only a zone between the sinking area and the surrounding regions would be elastically 
strained and experience a sudden elastic rebound when the rupture occurred; and if the 
sinking area were large, the irregularity of the movement would probably bring about rup- 
tures on different sides at widely different times. If a limited r^on should be elevated, 
exactly the opposite movements would take place. It must not be inferred, from what 
has been said, that small narrow blocks, from a few meters to a few kilometers in width, 
may not be raised or dropt as a whole, but they should be lookt upon as small blocks, 
forming a part of a single fault-zone and playing a very minor part in the general dis- 
turbance of the earthquake. 

The Mino-Owari earthquake of 1891, the Formosan earthquake of 1906, and the Cali- 
fornia earthquake of 1906 arc good cases of earthquakes practically with a single fault- 
zone; whereas, the great earthquake in the central part of Japan in 1896 resulted from 
fractures along two roughly parallel fault-planes 15 to 18 km. apart, and the intervening 
region was elevated 1 to 3 meters ; one of the fractures was considerably longer than the 
other; and there is no evidence of any connecting fractures, which would separate the 
elevated region into a block ; the faults apparently die out, as faults usually do, and 
the elevation diminishes towards their ends and finidly disappears completely. The two 
fractures occurred at about the same time, but no determinations were made exact enough 
to show that they occurred simultaneously. The sharply defined areas in Iceland over 
which the earthquakes of 1896 were severally felt suggest that they were due to the set- 
tling of successive blocks, and this idea is strengthened by the fact that the region is deprest 
and separated from the higher adjacent region by a fault. But the description given by 
Dr. Thoroddsen * docs not indicate that the individual areas mentioned are bounded by 
faults, nor does he adduce any evidence that they sank at the time of the shocks, tho 
he does describe some large fissures which ran across several of them. Iceland is actively 
volcanic, and the descriptions of it suggest a very mobile condition not far below the sur- 
face. If this condition really exists, it would be much easier for cracks to form at approxi- 
mately the same time and break up the crust into blocks there than in regions where the 
crust rests on a firmer foundation. 

The elevations and depressions about Yakutat Bay, Alaska, which Messrs. Tarr and 
Martin have described as due to the earthquake of 1899, strongly suggest the movement of 
blocks ; ’ but they did not find evidences of faultings on more than three sides of a block, 
and that in only one instance; tho it must be noted that they were unable to examine 
more than a very limited area and could not determine where the lines of fracture ended. 
It seems possible that the displacements they describe might be accoimted for by an up- 
ward pressure, with or without a compression in a direction running north-northwest 
and south-southeast. Such a pressure and compression woiild bend the rocks into an 
arch, with the surface under tension, and the rupture would occur when this tension 
reached the limiting strength of the rock; the rupture would begin at the surface and 

> Das Erdbeben in Island im Jahre, 1896. Petermann’s Mitt. 1901, vol. xi>vii, pp. 63-^. 

* Recent Changes of Level in the Yakutat Bay Region, Alaska. Bull. Qeol. Soo. Amer. 1906, vol. 
zvu, pp. 29-64. 
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extend downwards, and the ends of the broken rock would fly upwards, just as do the 
ends of a stick broken by bending, and an open fissure would be formed at the principal 
fracture; but along the side cracks the relative elastic rebounds might be in opposite 
directions and the parts might remain in contact. The principal fracture would be that 
in Disenchantment Bay, but no soundings have been made there to discover the existence 
of a fissure. Fissures and displacements of this character, due probably merely to com- 
pression, but on a very small scale, have been described.* 

We know very little about the interior of the earth or of the origin of the forces which 
produce such great changes at the surface. Great thrust faults exist which indicate 
tangential compressions; and normal faults, which indicate expansion. Great uplifts 
have occurred unaccompanied by compressions, due, apparently, to vertical forces; and 
the California earthqui^e has emphasized the existence of horizontal drags below the 
crust. Future study may reveal forces applied in other ways ; but it is not going too far 
to say that whenever ruptures occur, they result from dastic strain, and the sudden 
movements produced are merely elastic rebounds ; and moreover, except in the case of 
earthquakes connected directly with volcanic action, the strains have not been set up 
suddenly, but are gradually developed by the slow displacements of adjacent areas. 
And severe earthquakes caused by shearing strains, vertical, horizontal, or oblique, 
where the elastic rebounds arc in opposite directions on opposite sides of the fault, which 
remain in contact, will be more common than those due to the tensions! strains of bend- 
ing, where the elastic rebounds are in the same direction and a gaping fissure is opened. 

THE PREDICTION OF EARTHQUAKES. 

As strains always precede the rupture and as the strains arc sufficiently great to be 
easily detected before the rupture occurs, in order to foresee tectonic earthquakes it is 
merely necessary to devise a method of determining the existence of the strains; and the 
rupture will in general occur in the neighborhood of the line where the strains are greatest, 
or along an older fault-line where the rock is weakest. To measure the growth of strains, 
we should build a line of piers, say a kilometer apart, at right angles to the direction which 
a geological examination of the region, or past experience, indicates the fault will take 
when the rupture occurs ; a careful determination from time to time, of the directions of 
the lines joining successive piers, their differences of level, and the exact distance between 
them, would reveal any strains which might be developing along the region the line of 
piers crosses. In the case of vertical, horizontal, or oblique shears, if the surface becomes 
strained thru an angle of about 1/2000, we should expect a strong shock. It would be 
necessary to start with the rock in an unstrained condition ; this could readily be done 
now in the neighborhood of the San Andreas fault. The monuments set up close to the 
fault-line (vol. i, pp. 152-159) were not placed with this object in view, but with the 
object of measuring actual slips on the old fault-line. Measures of the class described 
would be extremely useful, not only for the purpose of prediction, but also to reveal the 
nature of the earth-movements taking place, and thus lead to a better understanding of 
the causes of earthquakes. Less definite, but still valuable, information could be obtained 
by the simpler process of determining, from time to time, the absolute directions of 
Farallon Light-house and Mount Diablo from Moimt Tamalpais ; by this means northerly 
or southerly movements of 1 foot of either of the first two stations relative to the third 
could be detected ; and we should know if strains were being set up in the intermediate 
region ; but we could not tell where the strain was a maximum nor to what extent it may 
have been relieved by small displacements on intervening fault-planes. 

‘ F. Cramer, Am. Jr. Sci., 3d Series, 1890, vol. xxxix, pp. 220-225; and 1891, vol. xl, pp. 432-434. 
Mr. H. P. Cushing has shown me pictures of similar eraclm with elevated lips in central New York. 
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It seems probable that a very long period will elapse before another important earth*' 
quake occurs along that part of the San Andreas rift which broke in 1906; for we have 
seen that the strains causing the slip were probably accumulating for 100 years. There 
have been no serious earthquakes reported along this part of the rift, except at its south- 
ern extremity, since the countiy has been occupied by white men, altho strong earth- 
quakes have occurred in neighboring regions. It seems probable that more consistent 
results might be obtained regarding the periodicity of earthquakes if only the earth- 
quakes occurring at exactly the same place were considered in the series. The Messina 
earthquake of December 28, 1908, seems to have resulted from a movem^t on the great 
fault passing thru the Straits of Messina. The last strong movement at the same place 
seems to have occurred in 1783 ; tho the Calabrian earthquake of 1905 may have been 
caused by a movement on another part of the same fault. 

It is quite possible, however, for strong earthquakes to occur on neighboring faults 
after short intervals. The ruptures of the Haywards fault in 1868 and of the San 
Andreas fault in 1906 are a fair example, tho the interval is rather long. The Iceland 
earthquakes of 1896, already referred to, illustrate this much better. Five strong 
shocks occurred within fifteen days; but they were central, not in the same region, 
but in regions successively more and more to the west. 

When a rupture occurs, the elastic rebound may carry the sides of the fault beyond 
their positions of no strain, and the friction may temporarily hold them there ; or the 
friction may be so great that they do not entirely reach these positions. In either 
case further shocks may be expected before long ; but they are apt to be slight, and 
are more likely to constitute aftershocks than independent earthquakes. 



SHEAEING MOVEMENTS IN THE FAULT-ZONE. 


CHARGES nr THE LER6TH OF LINES, 

V 

In the general descriptions of the fault-trace it is shown that when the rupture occurred 
there was a zone of varying width between the shifting sides which did not partake of 
their simple movements, but was more or less distorted by the shearing forces to which 
it was subjected. The existence of this zone in alluvium or disintegrated rock may be 
explained even tho the fault were a sharply defined crack in the underlying solid rock. 
Let us suppose that the straight lino AOC in the rock (fig. 17) has been broken at the 
fault and displaced into the two parts A'(y and D^C'. If the alluvium were brittle and 
with little plasticity, it might be broken and displaced in the same way, but if it were 
plastic, as it would be if it were to some extent composed of clay, a part of the displace- 
ment would be accomplished by shearing distortion, and the offset at the fault-plane 
would be l( 5 ss than that of the underlying rock. Close to the rock the displacement of 
the alluvium would be very nearly the same as that of the rock (lines 1 in the figure) ; 
at greater distances, however, the distortion in the vertical plane would make itself felt ; 
the offset would be less, and the displacement would be distributed more like the lines 2. 
The alluvium might be so thick or plastic that it would suffer no break at the surface 
along the fault-line, the whole displacement being distributed like line 3; this seems to 
be the condition which produces the echdon phase 
of the fault-trace in very wet alluvium, as described 
by Mr. Gilbert (vol. i, p. 6G). 

Special phenomena were exhibited in this zone 
of shearing distortion which might easily be mis- 
understood, but which can be explained fully on 
mechanical principles. 

The zone was in some places only 2 to 6 feet 
wide, in others several hundred yards. Where it 
was broad the shift was divided in some cases 
among a number of cracks; in others it was dis- 
tributed more or less evenly over the zone ; in all 
cases, we have a zone of greater or less width 
subjected to shear; let us see what compreasions 
and extensions take place in it. Let W and E 
(fig. 18) be the eastern and western boundaries of 
the sheared zone, whose width is I and let W move 
a distance s, short in comparison with I ; and let 
all other lines parallel with the boundaries also 
move a distance proportional to their distance 
from E. WN will be the direction of this motion; 
the line Ec, which makes an angle a with WN, a being positive to the right oiWN, is 
shortened by an amount cd ; and the simple geometry of the figure shows that the total 
shortening equals s cos a; and this is independent of the length Ec, provided only that 
the line Ec does not materially change its direction during the motion; this is, in general, 
D 33 
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equivalent to saying that s must be small in comparison with Ec. It is evident that if 
the line had the position Ecf, where a* — a, it would be lengthened by the same amount 
that Ec is shortened. 

Suppose we stand in the acute angle between the shearing zone and a line crossing it; 
if the line is on our left, as in the position a (iig. 19), we say it crosses the zone from 
left to right; if it is on our right, as in position b, we say it crosses from right to left. 
For the same line it makes no difference whether we are in the position a or a'. With 
this convention we can state that if a line crosses the sheared zone from left to right, it 
will be shortened; if from right to left, it will be lengthened; and this is true without 
any compression of the sheared zone at right angles to the direction of the movement. 
The total change in length is zero when the line is at right angles to the direction of the 
shift, and is greatest when it approaches parallelism with it. 

To determine the change in length per unit length of the line we must divide s cos a 
by Ec or 1/ sin a, which gives (s/ 21) sin 2 a; this is a maximum when a equals 45**; there 
is therefore a tendency to form open cracks crossing the zone from left to right and mak- 
ing an angle of 45** with its direction. This direction would be modified by pressure or 
tension at right angles to the sheared zone; compression would make smfdler cracks 
more nearly at right angles to the trend of the fault-zone; tension would make them 
larger and more nearly parallel with it. The very general existence of cracks making an 
angle of about 45° with the direction of the fault-trace shows that there was neither 
compression nor expansion at right angles to the fault for at least a large part of its 
course. 

If the sheared zone is so narrow that a line crossing it is broken and the two ends 
separated, as in fig. 20, it is shortened or lengthened by an amount s' cos a. 

It may happen that a part of the movement is concentrated along a narrow crack and 
a part is distributed over a zone on the sides of the crack ; so that the straight line I in 

fig. 21 is changed into the two broken lines, I', I'. 
A line crossing the zone from left to right will 
be shortened by an amount equal to the sum 
of the shortenings at the crack and in the zone 
of distributed shear, that is, by (sj + S 2 + «^) 
cos a, and a line crossing from left to right 
would be lengthened by an equal amount. 
But Si + Sg + s' = s, the total shift of the 
boundaries of the sheared zone, so that we 
can say in general, a line crossing the sheared 
zone from left to right is shortened, and one 
crossing from righi to left is lengthened, by an 
amount equal to the toted rdative shift of the 
boundaries of the zone multiplied by the cosine 
of the acute angle between the line and the direction of the shift. If therefore we measure 
the shortening or lengthening of a line crossing the sheared zone and the acute angle 
we can calculate the amount of the shift, whether the shift be concentrated in a narrow 
crack or distributed over a wider zone. 

CRACKS IN THE GROUND. 

Let us apply these simple results. When the shift is concentrated in a narrow zone, 
only a few feet wide, there is more or less demolition, within the zone, of a fence or other 
object that may cross it, and the broken ends of the fence receive an offset which gives 
a measure of the shift. The turf in such a narrow zone is torn in a characteristic way ; 
at the beginning of the movement the turf is rent into strips by cracks formed at right 
angles to the line of greatest stretching ; that is, the cracks and the strips of turf between 
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them would trend about north and south, as the fault runs about northwest. The sub- 
sequent movement seems in nuuiy places not to have obliterated this arrangement of the 
turf in strips, which is so characteristio that it indicates the position of a fault-trace 
without possibility of error, and shows the direction, tho not the amount, of the relative 
movement of the sides. Its appearance is shown in plates 16b, 39b, 43b, and it is 
sketched diagrammatically in fi^. 18, 19, 20, vol. i.* An interesting example is shown 
in plate 65a and fig. 57, representing an auxiliary fault at the Morrell ranch ; the direction 
of the diagonal cracks across the road shows that the northeastern side moved relatively 
to the northwest, a direction contrary to the movement observed elsewhere. This 
unexpected result is confirmed by the offsets of the fences bordering the road; a picture 
of the right-hand fence is shown in plate 64b, and a measure of the offset shows a relative 
movement of 3.75 feet. This anomaly is local and apparently very superficial, as it 
does not appear in the tunnel which is nearly under the point observed; the tunnel is 
offset normally a short distance to the east of the auxiliary fault.* 

In places the subsequent motion has so broken up and so confused the earth clods 
that the regular diagonal cracks have been obscured; in places a slight compression or 
extension at right angles to the fault has entirely closed the cracks or made others more 
nearly parallel with the fault ; but it is surprising how generally traces of the diagonal 
cracks can be seen when they are lookt for. They are frequently described by the word 
spUntering. 

If the sheared zone runs along a slope, gravity acts as a tension on the higher part of 
the zone, increasing the tendency to form cracks and making them more nearly parallel 
with the fault-trace; in the lower part it produces a compression which tends to prevent 
the formation of cracks. This is the condition near San Andreas Lake (vol. i, p. 93). 

Other cracks were made which apparently were not due to the shearing movements 
in alluvium which we have been considering; some, such as those in the Point Reyes 
region and those on Black Mountain (vol. i, pp. 75, 107) seem due to a general shattering 
of the mass, and may be caused by vibratory motion (vol. ii, p. 40) ; others (vol. i, 
pp. 106-109) which are nearly parallel with the fault may in some cases be due to the 
topography, and in others to a small relative upthrust of one side of the crack. 

In all parts of this report special efforts have been made to distinguish between 
cracks and dislocations due to the actual rupture along the fault, and those due to 
landslides, the settling of unconsolidated material, the slumping of river banks, the 
effects of vibrations, etc. This distinction is very important in order to interpret 
correctly the true movements of the underlying rock. 

OFFSETS OF FENCES AND PIPES. 

The distribution of shear over a broad zone is well illustrated by the distortion of 
fences ; a number have been described in the preceding pages and illustrated by photo- 
graphs and figures; we may refer especially to figs. 15, 31, 32, vol. i. In some cases 
anomalies occur, which are probably not read, but which may be due to a misinterpreta- 
tion of the observations ; in fig. 29, for instance, the fence on both sides of the fault-line 
is dragged in the same direction, with shifts of 13 feet and 5 feet 9 inches on tho two sides, 
respectively; at a distance from the fault-line there is only a very small, relative dis- 
placement of the opposite sides ; this is so opposed to the general character of the dis- 
placements that it probably does not represent the true movements. In fig. 38 a fence 
is represented as having been distorted to the south on the eastern side of the fault, for 

' Professor Omori describes and explains this effect of the shear in his account of the earthquake in 
Bull. Imperial Earthquake Investigation Commission, vol. i, No. 1, pp. 12-15. 

> See Mr. Johnson's description, vol. i, top of page 277. Fig. 57 b badly drawn and shows the offset 
in the wrong direction. 
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a length of about 1,800 feet. There is no evidence that the zone of distributed shear had 

such a breadth in this neighborhood, and moreover 



the displacement of the fence is in the wrong direc- 
tion to be explained by this means. Nor can we refer 
it to elastic rebound as described on pages 17-20 for 
the angle of shear would be more than 1/500 or about 
7 minutes of arc, which is much greater than can be 
allowed. The displacements of the fence are measured 
from its inferred original position supposed to be a 
straight line, but we are not informed how the original 
position was determined. It would not be permissible 
to infer its direction from the continuation of the 
fence outside the eastern stone monument; and if the 
records of the original surveys gives the magnetic direc- 
tion of the line, an imperfect knowledge of the mag- 
netic declination and instrumental errors (if the line 
was run with a compass) would easily account for the 
deviation of 7 minutes between the present line and its 
supposed original direction. It seems probable there- 
fore that the true distortion was confined to a com- 
paratively short length of the fence. There seems no 
clear explanation of the )x)w-shaped distortion of the 
fence in %. 34, unless the fence originally had this 
shape. 

The Pilarcitos 30-inch wrought-iron pipe of the 
Spring Valley Water Company runs near the fault for 
a distance of two miles northwest of San Andreas Lake 
and crosses it four times (vol. i, p. 95). The map 
(fig. 22), taken from the report of Mr. H. Schiissler, 
chief engineer of the company, shows the location of 
this and of some other pipes of the company. Begin- 
ning at the northwest the pipe crosses from left to 
right at Small Frawley Canyon, and the angle between 
the pipe and the fault-line is 20°; the shortening of 
the pipe is 7 feet 3 inches, and the offset is 15 inches, 
corresponding to a total shift of 8 feet, as determined 
by the formula on page 34. 

We have no information about the break at the 
next crossing, from right to left, and about a mile 
distant ; the pipe runs nearly parallel with, and close 
to, the fault between these crossings and suffered many 
ruptures; in one place it completely collapsed. 

At the next crossing (F), very near the last, the 
pipe crost from left to right at an angle of 15°; it 
was crusht in three places, the total shortening being 


Fig. 22. 


9 feet 8 inches (plate 59 b and p. 96, vol. i) ; this cor- 


responds to a shift of 10 feet. 

The pipe agsdn crosses the fault near the head of San Andreas Lake, from right to 
left (O), and was pulled apart in two places a total of 6 feet 8 inches (plate 59a) ; this, 
with an offset of 6 inches, indicates tW the angle between the pipe and the fault was 
but 3.5°. 
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A half mile southeast of San Andreas Lake the pipe crosses the fault for the last time 
(ilf), from left to right at an angle of Gd** (vol. i, p. 100) ; it was crusht and shortened 22 
inches ; 100 feet to the north it was crusht again, the compression there being 1 foot. 
The total shortening, 2 feet 10 inches, corresponds to a shift 6.75 feet; as the shift at 
the fault-line was only 20 inches, a part of the shear must have been distributed. 

Near the northwestern end of Crystal Springs Lake the 44-inch Locks Creek pipe crosses 
the fault-zone from left to right at an angle of 65® (fig. 22, 0, and vol. i, p. 101, fig. 39) ; 
it was crusht at four points, and pulled apart 3 inches at one point; the total shortening 
was 59.25 inches ; this corresponds to a total shift of 11 feet 8 inches, the greater part 
of which was distributed. 

The shifts indicated by the changes in length of the pipes must be lookt upon in many 
cases as smaller than the true shift, for many other ruptures occurred, which are noted 
in the report of the chief engineer of the water company, but of which no details have 
been given. 


EFFECTS ON OTHER STRUCTURES. 

The two best examples of combined shortening and stretching are furnisht by the gate- 
well on the shore of San Andreas Lake and by the fiume and the waste-weir at the 
southeastern end of the lake ; they show the existence, at the same place, of shortening 
and stretching in different directions, altho there is no indication of a compression or 
extension at right angles to the fault. The gate-well was stretcht in a direction N. 79° W. 
and shortened at right angles to the stretching (vol. i, pp. 98, 99, fig. 35). The direc- 
tion of the fault-trace is about N. 35° W., so that the directions of greatest stretching 
and shortening make angles of practically 45° with the directions of the fault. From 
the scale of the figure the stretching is found to be 3 feet 4 inches, which corresponds to a 
shift of 4 feet 8 inches. This is less than the shift in this part of the fault and confirms 
the evidence, furnisht by cracks in the ground, that the shear was distributed over a 
greater width than 18 feet, the i)rojcction of the diameter of the well (25 feet) in the 
direction of greatest stretching upon a line at right angles to the fault-trace. 

The Locks Creek flume, a 44-inch wrought-iron pipe, crosses a part of the sheared zone 
from right to left at an angle of 15° (vol. i, pp 99, 100; fig. 36); it was pulled apart 
4 feet, corresponding to a shift of 4 feet 2 inches. If the pipe had entirely crost the 
sheared zone, it would have indicated a greater shift, which could not have been less 
than 7 feet at this point, according to the displacement of a fence shown in the same 
figure ; the flume passes thru a concrete culvert and continues to San Andreas Lake ; as 
this part of the pipe and culvert were parallel with the direction of the shear, they were 
uninjured. 275 feet from the break in the flume a strongly built brick waste-weir 
tunnel crosses the sheared zone from left to right at an angle of about 57°; its great 
strength prevented it from being entirely destroyed, but it was crusht at the fault-line 
and shortened, tho the amount was not measured. 

The examples given show very clearly that tho shortening and stretching of lines in 
the fault-zone was not due to any general expansion or compression causing changes of 
area, but to shear; and the character and amount of change in length of any particular 
line depended on the direction in which it crost the fault-zone and the angle it made with 
the direction of shift ; so that, in some instances, of two lines crossing the fault-zone at 
the same point but from opposite sides, one was lengthened and the other shortened. It 
is quite passible that there were, in places near the surface, slight expansions or com- 
pression at right angles to the fault-line. As pointed out (vol. i, p. 73) the fault-plane 
can not be considered a mathematical plane, and the movement must have caused a 
slight separation of the sides in places near the surface, which may be indicated by the 
trench-form of the fault-trace. It is difficult to understand how the two sides of the 
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fault could be made to approach each other in the region of solid rock at a distance 
below the surface, but it is quite possible that the more unconsolidated material near 
the surface might be shaken together by the earthquake. ^An illustration of this may 
perhaps be found in the compression of the fence and the sagging of the telephone wire 
which cross the causeway dam between the Crystal Spring Lakes, approximately at 
right angles to the fault (vol. i, p. 102). 

The shortening of the nulway track by 7 inches between Wright and Alma (vol. i, 
p. 110), a distance of 5 miles, can hardly be referred to distributed shear; the track has 
many curves and runs in places by the sides of steep mountain slopes; and a slight 
shaking down of the roadbed in places might straighten the track sufficiently to shorten 
it by this small amount. 



VIBRATORY MOVEMENTS AND THEIR EFFECTS. 


CHARACTER OF THE MOVEMENTS. 

When the rupture occurred on the fault-plane, it is probable that the movement did 
not begin at the same moment at all parts of the plane ; it probably started in some 
limited region, and the stress, being relieved by the break there, was concentrated upon 
nearby points which gave way, and thus the rupture spread from point to point until it 
extended over the whole fault-plane ; and it is also probable that the whole movement at 
any point did not take place at once, but that it proceeded by very irregular steps. 

We can determine roughly the time which would have been required for the rock to 
come back to its natural position of equilibrium if it had vibrated freely without friction. 
The period of vibration of the rock, distorted by simple shear, as explained on page 50, 
is given by the expression To = 4 H ^p/n; where H, the distance from the fault-plane 
to which the distortion extends, may be taken as 6 km. (3.7 miles), p is the density of the 
rock, say, 2.0 ; and n is the coefficient of rigidity, say 2 X 10” dynes per square centimeter 
(2,900,000 pounds per square inch).' With these values of the constants we find the 
total period to be about 8.7 seconds, or the time for the rock to move from its original 
displacement to its position of equilibrium one-fourth of this, or 2.2 seconds. This is 
found from the equation of the free vibration of the rock, in which case the straight line 
at right angles to the fault is distorted so as to be concave toward its position of equi- 
librium; but the observations in fig. 5 (page 16) show that the rock was distorted with 
the convex side toward the position of equilibrium. If therefore the break had been 
sharp, with no friction at the fault-plane, we should have had vibrations containing 
higher harmonics, so that the rock at the fault-plane would have made rapid but short 
vibrations back and forth during the 2.2 seconds necessary for it to reach the equilibrium 
position. This, however, was not what actually occurred; small slips took place at 
different parts of the fault-plane, and as the results of these successive slips and the great 
friction, some 30 to GO seconds were required before the rock came to rest; and even 
then certain parts of the rock were apparently still held in a strained condition by strong 
friction, and from time to time gave way, producing the aftershocks which are listed in 
another part of the report. 

The more or less sudden starting and stopfnng of the movement and the friction gave 
rise to the vibrations which were propagated to a distance. The sudden starting of the 
motion would produce vibrations just as would its sudden stopping; and vibrations are 
set up by the friction of the moving rock, exactly as the vibrations of a violin string are 
caused by the friction of the bow ; the string vibrates altho the bow is drawn steadily 
across it; or as vibrations are set up in a finger-bowl when a wet finger is drawn along 
the edge; in this case we can see the vibrations transmitted to the water in the bowl. 

Vibrations once started are propagated as elastic waves in the rock and consist in 
general of compressional waves like simple waves of sound, in which the vibratory move- 
ment of any particle is in the direction of propagation ; and of transverse waves like those 
of light, in which the movement of the vibrating particle is at right angles to the direction 
of propagation. As a compressional wave advances, the mass of rock thru which it 
passes is subjected to successive compressions and extensions. 


* See p. 21. 
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CRACKS FORMED IN THE GROUND AND THE BREAKING OF PIPES. 

We can readily determine the amount of compression and extension that takes place ; 
the movement of an earth particle is given by the expression 


’ = A cos 2 


(^9 


where A is the amplitude, P the period, X the wave-length, t the time, and x the dis- 
tance, measmed in the direction of propagation; the compression and extension is given 
by 

dx X \P xj 


and its maximum value is 27r.4 /X. For a wave whose period is a half second and whose 
velocity is 4 miles a second, X would be 2 miles or say 10,500 feet, and if A were 0.2 of 
a foot, the wave would cause successive compressions and expansions of short lengths of 
rock amounting to 1 : 8350 of the length. If c is the compression or expansion per unit 
length and M the modulus of elasticity, which for granite with a free upper surface 
would be about 7.66 million pounds per square inch, the force exerted is cM, or, in the 


case of the above wave, j ^20 pounds per square inch. This is much less 


than the force necessary to break granite by crushing (6 to 10 tons per sc^uare inch), 
but the strength of granite under tension must be less than under compression, altho 
its value is not known. 

Cast-iron, which resembles granite in its general structure, requires four or five times 
as large a force to break it by crushing as by stretching; it therefore seems possible that 
the numerous cracks observed in the region west of Point Reyes station may be due to 
the vibrations. In the case of vibrations passing thru alluvium or decomposed rock, the 
wave-length will be shorter, the amplitude greater, and the breaking strength much less 
in comparison with the modulus of elasticity; so that we should expect in places, wlmre 
the condition of the ground is favorable, even at a distance from the earthquake’s origin, 
that cracks would open and close at right angles to the direction of propagation ; it is 
to this cause we must refer the opening of cracks and the projection of water, mud, and 
sand into the air, which has frequently been described in connection with strong earth- 
quakes. This phenomenon was seen in the neighborhood of Salinas (vol. i, p. 245). In 
very unconsolidated deposits cracks may be left open by the compression of the inter- 
vening material and water arising in the cracks may form craterlets (vol. i, pp. 229, 231, 
338) ; but cracks formed by slumping of the ground, altho started by the vibrations, are 
practically due to gravity. 

Pipes in the ground were subjected to similar compressions and extensions, the measure 
of the force being Ec, where E is Young's modulus for the material of the pipe. For 
cast-iron E is about 5,000 tons to the square inch and with an extension of 1 : 8,350, the 
force tending to rupture it would be about 0.6 ton to the square inch. For wrought-iron 
E is about 13,000 tons to the square inch and the force developt by the above expansion 
would be 1.6 tons; it requires from 20 to 28 tons to break wrought-iron by tension, and 
16 to 20 tons by crushing; but at the joints the pipes are weaker. On the whole, not 
many pipes in the ground were broken by the vibrations, tho the stronger vibrations in 
alluvial soil must have broken a number. A very good example is the pipe near Salinas 
(vol. I, p. 245), which was broken in many places ; in some places the ends were separated 
as much as 3 feet, in others they overlapt as much as 4 feet ; and they showed that they 
had been hammered together and had not simply been pulled apart. A pipe seen near 
Alvarado had had the same experience (vol. z, p. 305). 
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In the calculations above we have supposed the pipe so finnly embedded in the sur- 
rounding earth that it moves with the earth ; under this supposition the strength of the 
pipe to resist rupture due to vibrations would not be changed by altering the thickness 
of the pipe; but if the pipe slips in the ground, as it might if it were very straight for 
distances of half a wave-length or more, it might be strengthened by making it thicker; 
but it is hardly practicable to lay pipes straight for such distances, and therefore we 
should not seek to strengthen pipes in the ground by making them thicker; but they 
would be strengthened by selecting a material with a large ratio of its breaking strength 
to its Young’s modulus. Wrought-iron pipes would yield by crushing rather than by 
tension, whereas cast-iron would yield first by tension ; but it would require a stronger 
vibration to pull apart a cast-iron pipe than to crush one of wrought-iron. In general, 
however, the joints are the weakest spots and the ruptures occur there. 

The Spring Valley Water Company sends water to San Francisco thru three pipes 
(map No. 21, and fig. 22). The San Andreas pipe draws directly from the lake of the 
same name; altho it starts at the fault-line it was ruptured at one place only, where 
it crosses a marsh at Baden Station on a trestle. The pipe here was weakened by an 
extension joint, the two ends being hold together by wires passing over lugs on the pipes ; 
these lugs were pulled out. The lack of injury to the pipe at other places shows that, 
where buried in the ground, it was quite strong enough to stand the compressions and 
extensions due to the vibrations, and makes it probable that the many injuries received 
by the two other pipes, not along the fault-line, and of which we have no details, were due 
to some special causes of weakness at the points where they occurred. When the pipe 
was buried, it was prevented from bending and was then .strong enough to remain intact, 
but where it was carried on a high trostlc, or on a trestle over a soft marsh, bending was 
{xtssible and its power of resistance was similar to that of a column under compression ; 
as is well known, a column yields, not by crushing, but by bending. 

The Pilarcitos 30-inch wrought-iron pipe is carried across Largo Frawley Canyon 
on a high trestle about half a mile east of the fault (plate 100a) ; the pipe is buried on 
each side of the canyon, the intervening length being 100 feet ; this portion was broken 
into two pieces of practically equal lengths which, together with the greater part of the 
trestle, were thrown into the canyon and left side by side, 50 or 60 feet from their original 
position. The ruptures occurred at riveted joints, the two pieces being otherwise intact. 
It is clear that the portion of the pipe on the trestle must have acted like a column with 
fixt ends. The formula which most accurately represents the strength under these 
conditions is known as Rankinc’s formula,* and is 


f 

\+cLyW 

where p is the priissure in tons per square inch necessary to cause the collapse, and / and c 
are constants, the first d(;pcndont uiK)n the material of the column only, the second both 
upon the material and upon the character of the ends ; L is the length of the column and k 
is the radius of gyration of the cross-section. For wrought-iron / is 16 tons per square 


cP 

inch; c is 1 : 36,000 for a pipe with fixt ends; fe* = — , where d is the average of the 

O 

inside and outside diameters; so that the formula becomes 


p = 


16 


1 -b 


4600 




The length of the pipe over Large Frawley Canyon is 100 feet and the diameter 2.5 feet, 
therefore is 1,600, and p, the pressure necessary to break it, becomes 11.8 tons per 


* Ewing’s Strength of Materials, p. 178. 
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square inch. The compressive force due to the vibrations calculated in the example 
we have used (with Young’s modulus for wrought-iron equaling 28,000,000 pounds per 
square inch) is only about one-eighth as great, but at this short distance from the fault- 
plane it is possible that the vibrations may have been greater, and without doubt, the 
pipe itself, on account of the joints, would give way under a much smaller pressure than 
is required by the above formula; we must believe that the pipe yielded like a column 
under compression, and the sudden removal of the resistance when the rupture came 
allowed the elastic forces to throw the pieces 50 or 60 feet to the side. 

The Crystal Spring 44-inch pipe suffered in the same way where it crost the San Bruno 
marsh near South San Francisco and the Guadeloupe and Visitacion marshes a little 
further north. The trestle which carried the pipe over these marshes was built on deeply 
driven piles. The pipe was broken in many places and the pieces flung 4 or 5 feet to 
right and left; the trestle was also demolisht, but the piling and its capping were in 
general uninjured. In some instances, however, the pipe seems to have been raised into 
the air and to have come down with sufficient force to destroy the trestle and crush the 
heavy timbers bolted to the tops of the piles. Altho the vibrations in these marshes 
must have been very violent, it was found after the earthquake that no permanent dis- 
placement had taken place ; the piling had not lost its alinement nor its grade. 

It does not seem probable that the lateral vibration was strong enough to break the 
pipe and throw the pieces 4 or 5 feet ; the pipe must have been quite flexible enough to 
yield to such vibrations without breaking; nor is it probable that the vertical vibration 
was strong enough to throw the pipe upwards; it is most probable that we have here 
again to do with compressional vibrations, acting upon parts of the pipe as upon columns 
with round ends, for the ends of the short lengths of the pipe, over which the compression 
was strongest, were practically free to turn the small amount required. We suppose the 
vibrations to be communicated to the pipe thru the trestle and to be transmitted along the 
pipe as forced vibrations, with the same period and velocity, and therefore with the same 
wave-length, as in the underlying marsh; but there would undoubtedly be propagated in 
the pipe vibrations having a velocity appropriate to the material of the pipe, and these 
would in places combine with the forced vibrations, to produce unusually large forces 
of compression and tension. 

RanUne’s formula for the yielding of columns with round ends becomes 


16 



With a 44-inch pipe L/d would be 40 for a length of about 150 feet, and p, the force neces- 
sary for collapse, then becomes 6.6 tons per square inch ; which is about 4 times the pres- 
sure calculated in the example we have taken above ; but in the marges the wave-length 
would be greatly reduced, and there seems no difficulty in believing that the compressions 
were in places sufficient to break the pipe regarded as a column with rounded ends 
(especially at the joints), and then to fling the pieces to the side. Where the pipe had a 
slight bend in the vertical plane, the compression would throw it up rather than to the side, 
and in this way its subsequent blow upon the support is made clear. One jnece of pipe, 
about 800 feet long, was found lying on the ground by the broken trestle uninjured 
except at its ends; it must have rolled off the trestle aftw the supporting sides had been 
battered off. 

The San Bruno marsh is about 2 miles from the fault-line and the other two marshes 
about twice as far. The increast intensity of vibration due to the character of the 
foimdation far more than made up for the diminisht intensity due to distance, as shown 
by the distribution of isosdsmals on map No. 23. 
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CRACKS IN WALLS AND CHOOIBTS. 

In Mallet’s great report on the Neapolitan earthquake of 1857 he assumed that the 
waves were propagated thru buildings just as thru the earth below, and concluded 
that the cracks made in the walls were at right angles to the direction of propagation of 
the waves. From this he deduced the direction of propagation and the position of the 
focus. But the length of buildings is only a very small fraction of the len^ of a seismic 
wave; and in them the proper conditions for the rectilineal' propa^tion of waves do not 
exist ; so that Mallet’s assumption and his conclusions can no longer be accepted. Lines 
drawn at right angles to the cracks on the floor are probably at rig^t angles to the direc- 
tion of propagation of longitudinal waves, for these cracks are practically formed in the 
ground, like those described above; but cracks in walls can not be lookt upon as at 
right angles to the direction of the movement, even when no windows are present to cause 
special weakness in some directions. We shall form a better conception of the mechanical 
conditions if we look upon the wave as divided into two components, one producing a 
horizontal vibration of ^e house and the other a vertical vibration. If, as is usually the 
case, the house is longer than it is high, the inertia opposing the motion will produce a 
horizontal shear and it may be shown, by the method used on page 34, that cracks have 
a tendency to form at an angle of 45° with the horizontal in walls running in the direction 
of the vibration ; as the motion is first in one direction and then in the other, two sets of 
cracks would be formed at right smgles to each other, and each 45° with the horizontal. 
The vertical component produces vertical compresrion and expansions which may sli^tly 
modify the direction of the cracks. This is exactly what was observed ; many walls 
exhibited the double system of diagonal ci^ks. An excellent illustration of these cracks 
in the St. James Hotel at San Jose is given by Professor Omori.* 

Chimneys, and walls running at right angles to the direction of the vibrations, were 
affected in a different way; they are high in comparison with their breadth and conse- 
quently were set into vibrations, like long rods. As they swayed back and forth they bent 
and were comprest on the concave and stretcht on the convex sides. If this stretching 
exceeded the dastic limit of the material, a horizontal crack was made. It was in this 
way that chimneys were overthrown and the tops of walls and gables were thrown out. 
In practically all cases of brick walls and chimneys the break occurred at a joint and the 
bricks which were thrown down were usually imbroken, but entirely detached from each 
other, showing that the mortar was very weak. Chimneys of uniform thickness would 
naturally break at their lowest free point, which, in the case of the chimneys of houses, 
is where they pass thru the roof ; and walls would break where they are not well braced, 
which was usually near their tops or in the gables or at the comers. The hi^ chimneys of 
factories are thicker near the ground and gradually diminish in diameter and thickness 
from the groimd up. They did not break at the ground, but at some point about a third 
of the way up where the bending moment was greatest in comparison with their strength. 
It by no means follows that a broken chimney will fall ; in regions where the shock was 
not so very strong, many short chimneys were broken, and the detached part rocked on 
the lower part without overturning; the very small power of stretching possest by brick 
and mortis caused chimneys to break before they were sufficiently inclined to lose their 
balance and fall. 

ROTATORY MOVEMENTS AND THE ROTATION OF OBJECTS ON THEIR SUPPORTS. 

It has been a matter of frequent observation that during the shocks of large earthquakes 
a twisting motion is felt, and after the shock, chimnejrs which were not thrown down, 
monuments in cemeteries, ornaments, etc., are found to have been rotated on their 


> Bull. Imperial Earthquake Investigation Commission, vol. i. No. 1, plate it. 
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supports. This has given rise to the belief that there is a rotary motion of the various 
parts of the ground like that of wheels about their axes. It should be pointed out that 
this kind of motion can not exist, for it could not be propagated as an elastic disturbance, 
but would break up into waves of compression and distortion, which would be propagated 
at different speeds and would soon be separated from each other. Moreover such a motion 
would produce rents in the ground, which have not been found; nor has any such motion 
of the ground itself ever actually been observed. Waves of elastic distortion do, however, 
produce very small rotations, whose maximum amount, we shall see (page 146), is given by 
2 IT A 

the expression — - — , where A is the amplitude and ^ the wave-length; with a wave as 


short as 10,000 feet (3 km.) and an amplitude as large as 0.2 of a foot (6 cm.), the maxi- 
mum rotation would only be about 0.25 of a minute of arc, a quantity far too small to be 
noticeable; even if the rotation were 100 times as great as this, it would probably not 
be noticed. 

But there is another kind of rotation, which undoubtedly does occur, and which would, 
if strong enough, give rise to the sensation of twisting and would cause objects to rotate 
on their supports. If a swin^ng pendulum, as it passes its lowest point, should receive 
a blow at right angles to the direction of its motion, it would simply change its direction 
and continue to swing back and forth in a different plane; but if the blow should be 
received at any other part of its motion, it would swing in an ellipse ; if the blow were of the 
right intensity and were received at the end of the swing, the pendulum would swing in a 
circle. 

Two vibrations making an angle with each other would produce just such an elliptical 
or circular motion, unless they were so adjusted that they would combine to make a 
simple linear vibration in a direction between the two ; but this would rarely occur. If the 
two groups of combining vibrations had different periods, the resulting movement would 
be very complex ; and we might have rotations first in one direction and then in the other. 
The kind of rotatory motion thus set up is not like that of a wheel about its axis, but is 
like that of a book which is carried around in a cimle keeping the edge always parallel to 
its original {)Osition. We must look upon the rotatory motion of the earth reported dur- 
ing earthquakes as such that every point describes an ellipse, each point with a different 
center, but all with parallel axes; and the lines connecting near-by points remain parallel 
to their original directions, and do not, as in the case of a wheel, also rotate. For the 
sake of clearness let us speak of this kind of motion as paraMel rotation, to distinguish it 
from rotations where the various points rotate around the same center. 

We have conclusive evidence that the motion of the earth during the Californian earth- 
quake was not merely a to-and-fro motion in one direction, but that the direction of the 
motion changed markedly. This is shown by the sensations of observers and by the fact 
that objects in the same place were thrown in various directions; statements that the 
earthquake was a “twister” were not uncommon, and some observers reported that the 
motion was first in one direction and then at right angles to it; and lastly the seismo- 
graphs themselves indicate a combination of simple vibratory motions ; this is well shown 
in the seismogram made by the simple pendulum at Yountville, and in all made by Ewing 
duplex pendulums. (See Seismograms, sheet No. 3.) 

We can picture to ourselves many ways in which movements in different directions 
could be produced at the same time. Suppose, for instance, that there were two shocks 
ori^nating at the same place with some seconds interval between them ; each in general 
would ^ve rise to compressional and distortional waves; the first kind travels faster and 
hence outraces the second. The compressional waves of the second shock would over- 
take the distortional waves of the first shock in a circular zone surrounding the origin, and 
as their motions are at ri^t angles to each other, we should find parallel rotations in this 
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zone. Again, suppose two shocks originated at different centers, their waves, in general, 
would cross each other at an angle, and we mi^t have circular or elliptical motion as a 
result of the combination of the two sets of compressional waves, of the two sets of dis- 
tortional waves, or of each set of compressional with the other set of distortional waves. 
Modifications of the waves on passing from one kind of rock to another would occur 
and give rise to still other combinations which would cause parallel rotations. 

With the hope of throwing light on the progress of the rupture along the fault-plane by 
determining the distribution of rotatory effects in the surrounding regions a special list of 
questions was sent out and many answers were received. They may be summarized as 
follows : at a distance, where the shock was but slightly felt, rotations were rarely noticed ; 
but where the shock was strong, even tho many miles from the fault, they were almost 
universal ; a niunber of observers stated that the disturbance was first a simple vibration, 
and that the rotatory motion only appeared later; no one put the rotatory motion in the 
early part of the shock. Some, who did not notice rotations, stated that the direction 
of the motion changed during the disturbance. At a distance from the fault, where the 
movement was slow and gentle, the rotatory effect would not be very noticeable, but that 
it still existed is shown by the seismogram made at Carson City, where the intensity of 
the shock was greatly reduced. This general distribution of parallel rotations does not 
show how the rupture took place on the fault, but merely confirms the idea that the dis- 
turbance at any point was due to vibrations originating in many parts of the fault-plane; 
and the combinations of these vibrations would cause the variations in intensity and the 
rotations observed. The writhing motion of the steel smokestack at Mare Island (vol. i, 
p. 212) must have been the result of a double vibratory motion of the ground combined 
into a parallel rotation ; the elastic bending of the stack would cause a much greater 
vibration of the top than of the bottom ; this explains the whole motion without the 
assumption of a tilting of the ground. 

In the first volume numerous examples are given of statues, monuments in cemeteries, 
chimneys, etc., which were rotated on their supports by the earthquake; many were 
turned thru an angle of 90° and some as much as 180° (vol. i, p. 359), tho in the majority 
of cases the rotation was less than 20°. In the cemetery near San Rafael all except one of 
the rotated monuments were turned with tho hands of a watch thru angles of 16° or less. 
Similarly, at Lakeport all the rotated chimneys were turned in the same direction (vol. i, 
p. 188). This phenomenon has long been observed and occurs at the times of all violent 
earthquakes; it naturally suggests a rotation of the support; but, as has been seen, a 
more careful examination of this idea shows that it is entirely untenable ; indeed, Charles 
Darwin long ago pointed out that if objects were turned on their supports by true rota- 
tions, the axis of each rotated object must be an axis of the rotation, which is a practical 
impossibility. The effort, therefore, was made to explain the rotation merely as the 
result of a to-and-fro vibration. What is necessary is to produce a moment around the 
vertical axis thru the center of gravity. 

Three suggestions have been made. First: Mallet* suggested that the object may 
not bear uniformly on its support, but may only press on it in a few points, and as the 
pressure will in general be different at these points a moment around the center of gravity 
due to the frictional forces would be product during a vibratory movement, resulting in 
a rotation. Altho it may be possible for small rotations to be brought about in this way, 
they are probably very small and unimportant; for it can easily be shown that if the 
frictional forces at the points of contact follow the ordinary laws of solid friction, namely, 
that the tangential forces are proportional to the normal pressures, then no moment 
around a vertical axis thro the center of gravity will be set up by the vibrations, and it is 
only in so far as the ordinary laws of friction are departed from that moments can be 


' Pyoamlcs of Earthquakes. Trans. Roy. Irish Acad. 1846, vol. xxi, pp. 51-105. 



46 


REPORT OF THE CALIFORNIA EARTHQUAKH COMMISSION. 


produced. For the normal pressures must be such as to produce no moment around any 
straight line in the plane of the points of contact and immediately under the center of 
gravity; otherwise, the object, when undisturbed, could not remain stationary. If now 
we take the strai^^t line parallel with the direction of vibration, the 
moments of each frictional force about the vertical, thru the center of 
gravity, will be proportional to the moment of the corresponding normal 
force about the straight line, and therefore their sum will be zero. Houses, 
however, are not rigid bodies resting on rigid foundations, like a statue on 
its base; and the ground itself, on account of slight variations in texture 
or fimmess, would not behave like a rigid body during the earthquake, 
but would have somewhat different movements at different places under 
the house; in this way it is quite possible for a house to be sli^tly 
rotated by the frictional forces between it and its foundation. Examples 
of such rotations are given in vol. i, pp. 170, 176. 

Second : Professor Thomas Gray * has shown that if the vibrations are at right angles to 
the edge of the rectangular base of a column, or along the line joining opposite comers, 
no rotating moment is developed; but if the shock lies between these directions, as, for 
example, in the direction, of, in fig. 24, then the column tends 
to rock on the comer, and to rotate around it ; for the force is 
applied at the comer and acts in a direction parallel with the 
vibration and does not pass throu^ the center of gravity. 

This is in entire accord with the laws of mechanics, and un- 
doubtedly some small rotations are caused in this way; but it 
is to be noticed^ that the tendency is only to rotate imtil the 
edge is at right an^es to the direction of vibration; if this 
direction is nearly at right angles to the edge, the rotation will be small ; if the direction 
is nearly along the diagonal, the mmnent produced will be small ; if the direction of 
vibration gradually changes, keeping pace with the turning of the column, a larger rota- 
tion might accumulate. In the case of columns with circular bases, the method would 
not apply at all; and it may be well doubted if any large rotations are produced in 
this way. 

Third: The combination of vibrations at right angles offers a simpler explanation for 
any amount of rotation and for any form of base. If an object, as a result of the vibration, 
is rocking on its edge and is then subjected to a second vibration at right angles to the 
first, a strong moment will be set up and the object will rotate ; if these vibrations are so 
tim^ as to produce paraUel rotation of the support, the body will continue to rotate 
as long as the vibrations are sufficiently strong. One can easily realize this experimentaUy 
by means of a chair. Raise the front legs sli^tly from the floor by pressing against the 
back; then press against the side of the chair, and it will swing around about 90** on one 
leg ; or, place a box or bottle on a book, and then rotate the book, keeping it parallel with 
itself ; if the movement be strong enough and the friction sufficient to prevent slipping, 
the object will rock and rotate. The principle of crost vibrations seems to be the 
tme explanation of the rotation in most cases and in all cases where the rotation is large. 
Crost vibrations will not be produced by a angle shock from a single center; but a 
protracted shock, or successive shocks from the same center, or shocks from different 
centers, will produce them ; that is, they will practically occur at the time of all large and 
important earthquakes, for then the vibrations usually originate at many points and at 
sli^tly different times. 

> Milne, The Earthquake in J^ian of Feb. 22, 1880. Trans. Seism. Soc. Japan, vol. i, part II, pp. 33- 
35; and Seitmology, p. 170. 
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The explanation of rotations by means of crost vibrations seems first to have been given 
by F. Hoffmann* and later repeated independently by Mallet * and others, but it does not 
seem to have received the consideration it deserves. I think it is clear from this chapter 
that crost vibrations are not only capable of explaining rotations wherever the disturb- 
ance is sufficiently strong, but that no other theory, so far proposed, can explain satis- 
factorily the very large rotations which statues and monuments experience. 


SURFACE WAVES IN THE MEOASEISMIC DISTRICT. 


In addition to the ordinary vibrations which we have been studying, many persons 
reported waves in the ground which had the appearance of ordinary waves on the sur- 
face of water (vol. i, pp. 380, 381). They were not a peculiarity of the California earth- 
quake, for similar phenomena have been recorded in connection with almost all great 
earthquakes and have given rise to much discussion as to their cause. It is probable that 
they result from the modifications of condensational vibrations by the surface, as appears 
from the following considerations. The resistance of a substance to compression and dis- 
tortion depends upon the values of two coefficients ; k, the coefficient of compression under 
equal pressure in all directions, and n, the coefficient of rigidity or shear. If we compress 
a small cube of any substance between two plates, the modulus of compression, that is, the 
ratio of the applied forces per unit area to the linear contraction, is called Young’s 


9ni 


modulus, and its value in terms of the coefficients mentioned above is . This 

represents the resistance which the substance offers to compression. When the pressure 
is exerted, the cube is not only comprest in the direction of the pressure, but it expands 
at light angles to this direction, and the ratio of this expansion to the normal compression 


• ^k-2n 

** 2(8A + n)’ 


The value of this ratio varies with different substances, but in general 


it is not far from 1 : 4. When the vibrations pass thru the interior of the earth, the 
rocks are subjected to compressions and expansions, but the surrounding rock allows only 
longitudinal contraction or expansion and the modulus of elasticity is then given by 

— — , which is greater than Young’s modulus. At the surface expansion can take 


place upwards but not laterally, and it can be shown that here the modulus of elasticity 
is given by the expression ^ vertical expansion to the 


longitudinal contraction is ot . 

“ 8«-|-4n 

The values of k and n have been determined for a number of specimens of rock by 
Messrs. H. Nagaoka,* S. Kusakabe,* and Adams and Coker.* The average values which 
the last investigators found for granites are A; = 4.3 x 10* pounds per square inch, and 
n 3 X 10* pounds per square inch; and the vertical expansion would be nearly 0.3 of 
the longitudinal compression. As we pass down from the surface the increasing weight 
of overlying rock would greatly diminii^ the vertical expansion, and at a depth compara- 
tively small would prevent it altogether. The actual vertical movement at the surface 
would be the addition of all the vertical expansions from the surface down. A longitu- 
dinal contraction of 1 : 8,350, as found in the example already used, would cause a vertical 


* Nachgelassene Werke, 1838, vol. ii, p. 310. 

* The great Neapolitan earthquake, vol. 1 , pp. 375-381. 

' Elastic Constants of Rocks and the Velocity of the Seismic Waves. Publicstions of the Earthquake 
Investigation Commission in Foreign Languages, No. 4, 1900; and Phil. Mag. July, 1900, vol. l. 

* On the Modulus of Rigidity of Rooks. Publications of the Earthquake Investigation Commission in 
Foreign Languages, No. 14, 1903: No. 17, 1904; and No. 22b, 1906. 

*An investigation into the Elastic Constants of Rocks, etc. Carnegie Institution of Washington, 
Publication No. 46, 1906. 
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expansion of about 1 : 30,000 ; if we assume that the weight of the overlying rock would 
make the vertical expansion practically disappear at the depth of a mile ; and if we assume 
further that the average expansion above this point is one-third of its value at the 
surface, we should find a vertical amplitude at the surface of 0.66 inch, or a range from 
crest of trough of the waves of 1.33 inches. 

Referring again to the expression for the ratio of the vertical expansion to the horizontal 
compression we see that its value will become greater as n becomes small(*r, with unity for 
its greatest possible value. When the waves pass from rock into alluvium or distinte- 
grated rock, the amplitude may become distinctly larger, and since the value of n would 
be much less than for granite, we should expect far larger surface waves. The movement 
at the surface will be upwards, forwards, downwards, and backwards in the vertical plane, 
just like the inoveincrit in ordinary water waves. Waves of this kind must necessarily 
occur wherever we have longitudinal vibrations, at a great distance from the focus 
as well as near it, but it is only where the amplitude of the vibration is very large that 
the surface waves are visible to the eye; and it is, therefore, only near the focus, and 
generally only on alluvium that they arc obs(;rvcd, and only in the case of very violent 
earthquakes. These waves must not be confused with th(^ Rayleigh waves, in which the 
horizontal component of the vibration dies out at a depth of about one-eighth wave- 
length, and the vertical component continues to indefinite depths ; whereas the waves we 
have just described have exactly th(i opposite characteristic ; they are simply the surface 
modification of the ordinary longitudinal waves, which exist below the surface. 

It is also possible that surface waves could be fonned by transverse vibrations, in 
which the direction of motion is vertical. 

Major Dutton * thinks that the surface waves have no nJation to the elasticity of the 
rock. He says : ‘'Their lengths arc too small, their amplitudes too great, and their speeds 
of propagation too slow to be dependent upon elasticity ; but if we refer to the modulus 
of elasticity which holds near the surface, and upon the sejuare root of which the velocity 
of transmission depends, we see that its value becomes very small as the value of n diminishes 
and therefore in some alluvium it is quite possible to have slow speeds and short wave- 
lengths, and, as we have seen, large amplitudes. It is not necessary to believe that the 
amplitudes of surface waves are nearly as large as they appear, for it must be remem- 
bered that an observer being shaken by the strong vibrations of a violent earthquake 
is in a difficult position to make good observations on the phenomena about him, and 
particjularly to distinguish between the movements which are actually taking place and 
those which he apparently sees, but which are really due to his own oscillations. We 
have many descriptions of trees and telegraph poles being swayed so violently as nearly 
to strike the ground, which of course is impossible, as the distortion of the earth neces- 
sary to produce this result would have caused disruptions which were not observed ; and 
moreover, a small vibratory movement is sufficient to cause very great commotion among 
trees, which would naturally be referred by an observer to tiltings due to surface waves. 


‘ Earthquakes, p. 144. 
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THE GREATER DAMAGE ON ALLUVIUM. 

Experience shows that the damage done by destructive earthquakes is much greater on 
alluvial soil than on solid rock. A glance at the isoseisinal map No. 23 will show how well 
this was exemplified by the California earthquake. Probably the best example we have 
is the city of San Francisco itself, which is built variously on solid rock, on sand, on natural 
alluvium, and on ‘‘made ground.” The description of the destruction done in the city 
(vol. I, pp. 220-245; maps. Nos. 18 and 19) shows that within its limits the character of 
the foundation was a far more potent factor in determining the damage done than near- 
ness to the fault-line. This is not a question of the transmission of vibrations, for, on 
account of the higher elasticity of solid rock, it would transmit vibrations far better than 
alluvium ; and indeed, as the alluvium occupies limited and comparatively shallow basins 
in the rock, the vibrations are always transmitted from a distance thru rock; and the 
question really to be answered is : How are the vibrations modified in a basin of alluvium 
so as to make them more destructive than without this modification ? By analogy the 
well-known experiment of the ivory balls has been invoked to explain the fact. If the 
first of a row of ivory balls in contact receives a sharp blow, it transmits the shock to the 
next ball, but remains almost stationary itself; the shock is thus transmitted from ball to 
ball, and the last one, having nothing before it, flies off. It is said that the surface of allu- 
vium having nothing above it, and having little cohesion, experience's a much stronger 
vibration than a rock-surface under similar circumstances. But the analogy does not 
seem to me a good one, for the lack of constraint of objects above the surface is the same 
whether we arc dealing with rock or with alluvium ; and it is only in so far as a lack of 
cohesion in the alluvium would pennit its surface to be thrown into the air that a difference 
in the two substances might be supposed to make itself evident ; but in the cases we are 
considering, the shock is not nearly strong enough to produce such an effect ; and besides, 
structures built on rock are not usually firmly attacht to it ; they would be thrown up- 
wards just as easily as tho they rested on alluvium, if subjected, in the two cases, to the 
same vibratory acceleration. 

Not£. — When a transverse wave, in which the vibrations are parallel with a free surface, is reflected 
from the surface, the amplitude at the surface is twice as great as that of the incident wave; the ampli- 
tude varies periodically with the distance from the surface in such a way that it equals the large surface 
amplitude at distances of any even number of times X/4 cos i ; where X is the w’ave-length, and i is the 
angle of incidence; and it is zero at distances of any odd number of times the same expression. With 
transverse waves not parallel with the surface or with longitudinal waves the problem is much more 
complicated ; it would still resemble the simpler case, but the variations of intensity would be less marked. 
The strong surface motion would extend some distance into the medium ; this is probably why observa- 
tions in mines have shown practically the same intensity of movement as at the surface ; the depth of the 
mines is only a fraction of X/4 cos i. 

THE THEORY OF MR. ROGERS’S EXPERIMENT. 

With the object of throwing light on this subject, Mr. J. F. Rogers made some very 
interesting experiments (vol. i, pp. 320-335), in which sand containing various amounts 
of water and held in a wooden box was caused to vibrate to and fro and the movement of 
the top of the sand compared with the movement of the box. The outside forces are 
■ 49 
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applied to the sand either at the base or at the sides of the box and must be transmitted 
thru the sand. What is the character of this transmission 7 Evidently it must depend 
upon the amount of water contained in the sand and also upon the frequency of the vibra- 
tions. If the sand is fairly dry and the frequency slow, the sand will act very much as an 
elastic solid body and we may assume that the successive horizontal layers shear slightly 
over each other as a solid would do, and that the forces brought into play are proportional 
to the shear. The movement under these conditions, when we neglect the influence of the 
sides of the box, would be somewhat like the movement of a flexible rod fastened to the 
bottom of the box. The rod, however, would be bent with compressions and expansions on 
opposite sides, whereas the sand is distorted simply by the elastic shear of successive hori- 
zontal layers over each other ; but the character of the motion in the two cases is very simi- 
lar. To understand the movements of the sand we must consider the forces acting between 
the successive layers. The equation of motion of such a S 3 rstem (provided the motion 
is not too large) is 

_« 

p da^ 

where x is measured vertically upwards, and y in the direction of motion ; < is the time, p 
the density of the material, and n its coefiicient of rigidity or shear. The solution of 
the equation if the column of sand were slightly distorted, and then allowed to vibrate 
without further disturbance, is 

y — A sin — X • sin ~t (2) 

^0 ^0 


where 


V = !?, 
n* P 


This represents a standing wave, of wave-length Xq aird period To. 
a great number of values, namely : 




2m + 1 


The period may have 

(3:) 


Xfl 


4ir 

2m -t- 1 


( 4 ) 


where H is the thickness of the sand ; and 2m + 1 is any positive, odd, whole number. 
Introducing these values in (2) we get 


y = Asin^”'<^”* + ^) 

^ AH 


X • sm 


2 TT (2 in -f- 1 

iB 




The longest period with which the system can vibrate is 


( 5 ) 




but in addition there may be superposed the odd harmonics. 
For the simplest vibration an originally vertical straight line 
would be changed into a quarter of a sine eurve, as shown 
in fig. 25. Equation (6) is the expression used on page 39 to 
determine the free period of vibration of the strained rocks 
near the fault-plane at the time of the earthquake. 

Suppose, instead of vibrating freely, the base of the sand is 


made to vibrate according to the expression B sin with an amplitude B 

and a period P. 
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The solution of equation (1) under these conditions is 



Fio. 20. 


y ^cos^(*-.ff) sin^Zt ( 7 ) 

co829r^ ^ ^ 

A» 

where X, the length of a distortional wave of period P in the sand, supposed 

of indefinite extent, equals Pv-. Equation (7) shows that a vertical 

P 

straight line in the sand is distorted into a qosme curve with its maximum 
amplitude at the surface. Fig. 26 shows the form of this curve; S is the 
surface and only that part of the curve is followed which lies between S 
and the bottom at the distance H below it. At the surface x = H, since x 
is measured from the bottom, and the amplitude becomes 


cos 2 IT — 
X 


( 8 ) 


and this varies between B and infinity, according to the value of the ratio of — . If H 

X ^ 

is any even number of times -> the denominator becomes 1 and the amplitude becomes 

B. If H is any odd number of times -» the denominator becomes 0 and the amplitude 

infinite. If, instead of varying the depth, we suppose it constant and vary the period 
of the disturbance, we get similar results. Replace X in (8) by its value and the surface 
amplitude becomes 

B 


H 



( 9 ) 


The free periods of the system are given by equation (3), and if P has one of the values 

TT 

there given, the denominator of (9) becomes the cosine of an odd number of times 

which is 0, and the amplitude becomes infinite. Practically, of course, friction or a slip- 
ping of the sand particles would prevent the amplitude from becoming extraordinarily 
large. 

We see, therefore, from (7), (8), and (9) that the surface would vibrate with the same 
period as the base and that it would always be in the same or in the opposite phase; that 
its amplitude would never be less than that of the base and that it would in general be 
larger and might become indefinitely large when the depth of the sand is an odd number 
of times a quarter wave-length, a wave-length being determined by the density and 
rigidity of the mass and the period of vibration; or what aihounts to the same thing, 
when the period of vibration ^>000103 equal to one of the free periods of the system. If, 
however, the frequency of the vibration should be too great, the bond between the differ- 
ent grains of sand would be broken, and the conditions upon which the above conclusions 
are based would no longer hold; the sand grains would slip over each other, and the 
amplitude of the upper surface would be diminished. If we apply the above theory to 
Mr. Rogers’s experiments with dry sand, we find it in close agreement with his results. 
When the frequency is very low, the sand moves with the box; in terms of the theory, 
we are dealing with only the upper part of the curve in fig. 26, and since H is very small 
in comparison with X the surface amplitude as given by (8) becomes B, the amplitude of 
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the base. As the frequency increases the wave-length, \ decreases, and the surface 
amplitude increases ; we have to do with a longer part of the curve in fig. 26. When the 
frequency becomes too large, the surface amplitude begins to decrease, suggesting that 
the sand no longer acts as a solid, but that slipping takes place. The addition of a 
small amount of water to the sand diminishes the cohesion between the grains, which 
reduces the value of the coefficient of rigidity, n, and shortens the wave-length, for a 
given frequency; we therefore get larger surface amplitudes, but slipping occurs at 
lower frequencies than with drier sand. As the sand is probably only able to bear a 
definite shearing force without slipping, an increase in the amplitude of vibration would 
cause the slipping to begin at a lower frequency than with smaller amplitudes. The 
conclusions are in good accord with Mr. Rogers’s results as shown graphically in his 
figs. 62 and 63. 

When, with increasing frequency, the slipping first begins, it must take place only at 
the ends of the strokes where the acceleration, and therefore the force, is greatest; but 
as the frequency gets still higher, the slipping is spread over a greater and greater part of 
the stroke and the surface amplitude becomes less and less ; the mathematical theory we 
have sketcht out does not apply after slipping begins. 

So far we have considered the motion as communicated to the sand from the bottom 
of the box and not by the pressure of the sides, which would undoubtedly modify it, but 
the results given by Mr. Rogers are for the sand near the middle of the box where the 
sides have the least influence; and in one experiment where the sand was piled up on 
the bottom of the car without touching the sides, the results were not altered ; it appears 
therefore that in the case of sand which is not too wet, and for frequencies not high 
enough to cause slipping, the influence of the sides has not been great enough to alter the 
general character of the motion of the sand in the middle of the box ; but near the sides 
their influence causes much confusion in the motion of the sand. 

When the sand is thoroly soaked with water, it becomes very pla.stic, the elastic forces 
become very small and viscous forces become the predominating forces between the 
successive layers. We therefore determine what is the character of the motion trans- 
mitted from the bottom by means of viscous forces. We find that transverse waves are 
set up which advance to the surface and are there reflected back again. These waves 
have a wave-length dependent upon the density of the material and the viscosity, and are 
very quickly damped out. Indeed, the amplitude of the advancing wave is reduced to 
less than 1/500 of its original value at a distance of one wave-length from the base, and 
the reflected wave starts with a small amplitude and dies out very rapidly. We find that 
the amplitude at the surface is always less than that at the base and that its value is 
twice as great as that of the direct wave at the surface if it were not reflected ; that is, if 
the depth of the sand were one wave-length the amplitude at the surface would be about 
1/250 of the amplitude at the base, instead of about 1/500, as in the case of no reflected 
wave. It is quite evident that waves of this character could not explain the movement 
of the wet sand in the experiment ; and we therefore turn our attention to the influence 
the sides of the box would have on the motion of a fluid as viscous as the mixture must 
be. As Mr. Rogers eaya, the damping is so great that the mixture could not have a free 
period of its own. The experiment described in vol. i, pp. 328 and 329, and Ulustrated 
by fig. 61, shows very well the character of the motion, namely, that the surface material 
moves very steadily during the greater part of its excursion with a fairly uniform velocity, 
somewhat greater than that of the base, and that its velocity is rapiffiy reversed at the 
end of the stroke. This being the case we conclude that there is little force acting upon 
the sand except near the ends of its excursion and that there a strong force acts for a 
short time. It seems probable, therefore, that as the box diminishes in velocity towards 
the end of the stroke the sand, by its inertia, is carried forward and raises the mixture in 
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front of it against the side of the box ; this together with the return movement of the box 
produces a strong force which quickly reverses the movement of the sand, giving it a 
velocity slightly greater than the maximum velocity of the box; but the force is not 
active again until the box approaches its maximum displacement on the other side. The 
movement therefore depends upon the action of the sides of the box and is not trans- 
mitted from the bottom. It is clear from Mr. Rogers’s experiments that the forces when 
the sand is dry are very different from those when the sand is very wet ; and when dif- 
ferent parts of the sand contain different amounts of water, that the movements would 
be so different as to produce much confusion. 

APPLICATION OF THE THEORY TO SBIALL BASINS. 

When we attempt to apply the results of the experiments to explain the case of the 
greater disturbance in alluvial soil than in rock, we recognize with Mr. Rogers that it is 
dangerous to carry analogy from such small quantities to such large masses, and we must 
be very carefully guided by theory if we wish to avoid great error. 

As already noted, alluvium occupies basins in the rock of more or less extent, and in 
considering its motions we must divide the basins into two classes; the first comprises 
those basins which are small enough, in the direction of propagation, for all parts to 
move practically in the same phase, like the Imx in Mr. Rogers’s experiments ; that is, 
they must be not much larger than an eighth of the wave-length of the waves in the sur- 
rounding rock. With waves whase period is as short as a half second, the basins may 
be somewhat more than a quarter mile across ; but with periods as long as 10 seconds, 
they may be over 5 miles across, and still be in this class. The second class comprizes 
all large basin.s, where the progressive character of the wave-motion must be considered. 

Where alluvial basins are not extremely small, they are always much broader than 
they are deep, usually many times as much; and they arc also saturated with water. 
When the material is largely sand or gravel, the grains are held so closely together by the 
weight of the material lying above them that the vibrations can be transmitted from the 
bottom in the same way as with dry sand ; but when the material is soft mud, transverse 
vibrations can not be so transmitted and the influence on the sides becomes predominant. 
The limiting case of fluidity is exemplified by streams, ponds, and even vessels containing 
water or milk, where the liquid may be so greatly agitated as to be splashed out on the 
sides. Mr. Rogers’s experiments seem to explain pretty satisfactorily the larger surface 
amplitude and the greater damage dune in the class of small basins of alluvium ; but it 
must be noted that the basins have not a flat bottom like a box, but have rather an open 
V shape, like stream valleys ; and there is no abrupt distinction between the bottom and 
the sides. Where the material is sufficiently solid, the vibrations are transmitted both 
as transverse and longitudinal vibrations from the bottom, the surface amplitude being 
in general greater than at the base and varying with the depth, the coefficient of rigidity, 
and the period of the vibration ; the depth of a basin is more or less irregular, the character 
of the material, and therefore the coefficient of rigidity, varies from point to point ; there- 
fore the amplitude will vary from point to point on the surface, and points not far apart 
may be even in opposite phases, so that more or less discordant movements take place. 
The commotion may be sufficiently great to produce cracks in the ground, especially at 
the boundaries of softer and firmer material. The damage to buildings is due more to 
the discordant character of the disturbance than to the mere increase in amplitude at the 
surface of the alluvium, for deep pilings with a strong concrete capping diminish the 
damage to a remarkable degree; the capping must move nearly as a rigid body and 
relieve the building above it from different movements in different parts of its founda- 
tion. The capping must also diminish the amplitude, for movements in opposite dircc- 
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tions of neighboring parts of the alluvium would be nullified by it. When the alluvium 
is BO soft and plastic that shearing forces are insignificant, the alluvium is fiung back and 
forth by the reaction of the sides of the basin with effects apparently still worse than in 
the former case; and with the formation, near the sides, of elevations and depressions 
resembling wave-surfaces ; but they are not true progressive waves, for the rigidity is too 
Bmall for the surface waves described on page 47 to be formed; and the viscosity is 
too great to permit of gravitational waves, but the violent to-and-fro motion of the 
basin and the low rigidity produce, near the sides, elevations resembling a wave surface, 
and the motion of the soft alluvium is so quickly damped out by its viscosity that the 
form is fixt and remains after the disturbance is over. This condition was characteristic 
of the small filled-in swamps of San Francisco, usually accompanied by a general lower- 
ing of the surface, due to the character of the refuse used for filling them ; this material 
was so little consolidated that the surface has been steadily sinking for years (vol. i, 
pp. 241-242), and its volume was materially reduced by the shaking of the earthquake. 

LARGE BASnrS. 

The second class of alluvial basins are those which are too large to be lookt upon as 
moving as a whole; that is, they are larger than an eighth wave-length; in some cases 
th^ are many wave-lengths in breadth. They are represented in California by the large 
valleys, the Santa Clara, the San Joaquin, etc. We must picture them to ourselves as 
broad, shallow baons with irr^lar floors and containing material whose coefficient of 
rigidity varies considerably even in neighboring parts; this material is principally water- 
soaked sands and gravels, ^ven a certain amount of rigidity by the weight of the material 
above it. As the elastic waves pass thru the underlying rock they enter the alluvium 
and are refracted upwards on account of the smaller velocity in the alluvium than in the 
rock. If the angle of incidence is sufficiently small, the amplitude of vibration in the 
alluvium will be larger than in the rock; for instance, if we assume the density of the 
alluvium to be 0.8 that of the rock, and the velocity of propagation one-fifth as great, 
then for normal incidence the amplitude of the refracted wave in the alluvium would be 
nearly double that of the incident wave in the rock, both for comprcssional and for dis- 
tortional waves. After entering the alluvium the waves would be reflected back and 
forth from the surface and bottom untU they were damped out by the viscosity of the 
alluvium; for normal incidence the amplitude of the wave reflected from the bottom 
would be fifteen-sixteenths that of the incident wave, and then a large part of the motion 
would be kept in the alluvium. When the angle of incidence from the rock to the allu- 
vium is greater than zero, two reflected and two refracted waves are produced; and 
when this angle is not large the refracted wave in the alluvium would still have a larger 
amplitude than the incident wave in the rock. When reflected at the surface, the wave 
would have its phase changed by half a period, and if the length of its path to the floor and 
back again were a half wave-length, it would find itself in the same phase as the direct 
wave when it agiun reached the surface, and the resulting amplitude would be the sum 
of the amplitudes of the two waves. In many parts of the basins this relation of depth 
to wave-length must approximately have existed for some of the waves present in the 
earthquake disturbance. Repeated reflections would probably result in a surface am- 
plitude considerably greater than would occur at the surface of continuous rock; and the 
irregularities mentioned above would cause discordance of motion in points near together, 
and thus greatly increase the damage. 

A thin coating of alluvium over the rock would evidently move with the rock and 
would not have an especially large amplitude; it would be necessary for its depth to be 
something like an righth of a wave-length to obtain the full effect; the velocities 
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of transmiasion in alluvium would allow this condition to be satisfied even with a much 
smaller depth than was found in many parts of the large Californian valle 3 rs. 

Surface waves would also be a strong factor in causing damage on alluvium; these 
waves and the irregularities due to varying coefficients of elasticity are probably the prin- 
cipal causes of the increased damage on alluvial soils, even when of sufficient thic^ess 
to experience the accumulated amplitudes described above. 

The sides of the basins would exert no special influence except in their immediate 
neighborhood ; but a certain amount of irregular reflection and refraction there would 
probably cause unusual intensity at some points. 


THE FOUNDATION COEFFICIENT. 

At Professor Lawson’s suggestion I have attempted to find some quantitative relation 
between the intensity of the shock on sands, marshy land, and solid rock. 

We shall first consider small basins within the limits of San Francisco. If we look at 
the profiles drawn by Mr. Wood and reproduced in map 18, we find the following esti- 
mate of the accelerations (a colunm has been added to the table giving the ratios of the 
accelerations on the various materials to that on the most solid rock. I have called 
this ratio the foundation coefficient ) : 


Table 4. — The Foundation Coefficient {San Franeieeo). 


SscnoN. 

Foundation. 

Accblbratioh 
mm. / mo.* 

Foundation 

CovrriciBNT. 

EF 

SerjMiitine 

250 

1.0 

EF 

Made land 

1,100 

4.4 

1? 1? 

/Marsh 

3,000 

12.0 

JCi 

\ Sandstone 

250 to 600 

1 to 2.4 

CD 

Made land 

2,900 

11.6 

CD 

Sand 

600 

2.4 

CD 

Sandstone 

400 

1.6 

AB 

Sand (Mission Valley) 

1,100 

4.4 

AB 

Marsh 

3,000 

12.0 

AB 

Sundry solid rocks . . 

250 

1.0 


These observations are not all entirely independent; for instance, the marsh indi- 
cated in the first and last sections is the same marsh, as these two sections go thru it; 
and the first two sections cross on the sandstone of Telegraph Hill. The high intensity 
at the southwestern extremity of section AB has not been considered because it is too near 
the faidt ; nor has the local strengthening of the intensity near the middle of section CD, 
which apparently is not to be explained merely by the nature of the terrane at these 
points. The very low intensity of only 250 millimeters per second per second on solid 
rock indicates a smaller intensity in San Francisco than further north, where we should 
have to go at least three times as far from the fault-line to find the intensity so low. 
The table, which gives only a very rough approximation to the coefficients, shows that 
the damage on small marshes may represent an acceleration as much as 12 times as great 
as on solid rock; on made land, from 4.4 to 11.6 times as great; on loose sand, from 2.4 
to 4.4 ; and on sandstone, from 1 to 2.4. Altho it has been well known that the apparent 
acceleration on soft land is much greater than on rock, the ratios obtained seem very 
much greater than had been suspected. 

The following table ^ves a list of places on alluvial soil in basins of considerable size, 
too large to be considered mall basins, in the sense we have used that word. 
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Takle 5 . — The Foundation Coefficient (Dietant Points). 


Place. 

Rosbi-Forbl Scale. 

Abbolctb Scale. 

Foundation 

COEFriClBNT. 

Apparent 

Intenaity. 

General Intensity. 

Apparent 

Intensity. 

General Intenaity. 

Salinas 

IX 

IV+ 

2,000 

125 

16 

San Jose .... 

IX 

VII? 

2,000 

300 

7 

Santa Rosa .... 

X 

VIII 

2,500 

1,200 

2 

Ukiah 

VIII 

VII 

1,200 

250 

5 

Willite 

IX 

VII 

2,000 

250 

8 

Clear Lake .... 

VIII 

VI 

1,200 

200 

6 

Priest Valley . . . 

VII 

rvi 

300 

100 

3 

Sacramento . . . 

VIJ 

Vi 

200 

125 

2 

Los Banos .... 

IX 

Vi 

200 

125 

16 

West San Joaquin Valley 

VIII + 

Vi 

1,600 

125 

12 


The intensities are given both in the Rossi-Forel scale and in the absolute scale of 
accelerations; the first column under each scale gives the apparent or felt intensity, 
and the second gives the general intensity or what seemingly would have been felt on 
solid rock if it had existed there. To determine the general intensity requires the exercise 
of some judgment, guided of course by the intensity map. No. 23; this quantity there- 
fore is subject to considerable error. The same is true of the values in the absolute 
scale; we have used Professor Omori’s estimates of the absolute values of the Rossi- 
Forel scale for intensities of VII or more ‘ and Professor Holden’s estimates for the lower 
intensities.* The difficulties of obtaining the correct intensities, apparent and general, 
according to the Rossi-Forel scale, and the further difficulty of translating into the ab- 
solute scale, on account of the larger difference between the successive degrees of higher 
numbers of the former scale, make the values obtained only approximate ; therefore it 
must be recognized that the foundation coefficients are far from accurate. 

The regions about Sacramento, Santa Rosa, and Priest Valley seem to have had 
their intensities increased least of all the alluvial basins. The great destruction of 
Santa Rosa suggested a special disturbance in that region, but this seems entirely un- 
necessary in view of its low coefficient in the table. The Salinas and San Joaquin 
Valleys have exceptionally high coefficients. The value at Salinas is probably ac- 
counted for by the extremely loose character of the alluvium in the flood-plain of the 
river and its nearness to the fault; but the low value at Sacramento sugge.sts that a 
similar explanation may not be satisfactory for Los Banos and the San Joaquin Valley; 
and the high intensity the whole length of this valley has suggested an auxiliary fault in 
the r^on. The fact that the greatest northeastern extension of the lower isoseismaJs is 
not opposite the center of the known fault, but almost opposite its southern end ; and the 
extension of the same isoseismals to the southeast, where they are more nearly S3anmet- 
rical with respect to the San Joaquin Valley than with respect to the known fault, sup- 
port the view of an auxiliary fault in or near this valley. On the other hand, it is ({uite 
possible that the intensity in the valley has been overestimated, and that the alluvial 
character of the ground may account for the intensity that actually existed there. I am 
inclined to think an auxiliary crack the best explanation of the high intensity in the San 
Joaquin Valley ; but the evidence for it is by no means satisfactory. (See further, vol. i, 
pp. 344, 345.) 

The great differences in the coefficients found for the different alluvial basins are much 
too great to be accounted for by inaccuracies in their determinations; we must conclude 
that there are differences in the character and in the depth of the alluvium in different 
basins, and probably even in different parts of the same basin, which are important 
factors in the values of the coefficients. 


* Publications of the Earthquake Investigation Commission in Foreign Languages, No. 4. 

* Dutton’s Earthquakes, p. 128. 
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COUECTION AND REPRODUCTION OP THE SEISMOGRAMS. 

The intoisity of the shock was so great that practically all seismographs, situated in 
any part of the world, recorded it. Shortly after the earthquake letters were addrest 
to aU the seismolo^cal observatories in the world asking for copies of thdr seismograms 
and other necessary data, and the Commission takes pleasure in expressing its thanks 
to the directors of the various observatories, who were kind enough to send reports and 
either their original seismograms or copies, which have been reproduced in the Atlas. 
A few, however, were too faint for reproduction and have been omitted. 

In the great majority of cases, copies of the seismograms, and not the originals, were 
sent; and it was not thought necessary to reproduce them in facsimile, especially as the 
International Seismological Association has recently reproduced in facsimile the seis- 
mograms of the Valparaiso and Aleutian earthquakes of August 16, 1906. A very careful 
tracing was therefore made of each seismogram and this was reproduced by photo- 
lithography. Some of the seismograms, especially those made by Milne instruments, 
do not lend themselves to this method, and they have been reproduced by a gelatin 
process. Some of these were too faint in places to yield good reproductions ; they were 
accordingly slightly strengthened, the draftsman keeping well in view the character of 
the instrument and being guided by the marginal records, so that the true form of the 
central record has been preserved. 

Great care has been given to all reproductions, and the characteristics of the various 
seismograms have been well brought out. 

In printing the seismograms those recording times are so placed that the time increases 
from left to right ; it has not always been possible also to make the time increase from top 
to bottom, but an arrow has been placed at the beginning of the record so that this part 
can readily be found. In most cases the times are given in Greenwich mean civil time 
(G. M. T.), 0 hours beginning at midnight. Where a correction is necessary or where 
local time is used, the correction to reduce to G. M. T. is given under the seismogram, 
the total correction is always given, including the error of the clock, the parallax of the 
recording stylus, and the correction for longitude where local time was used. 

The seismograms are reproduced in their ori^nal size, except in a few instances, which 
are noted. These were cases m which they were extremely large and the copies supplied 
were from hand tracings, so that nothing was lost by the reduction; or cases in which 
the copies were already reduced. The seismograms on sheets 1 and 2 have been inad- 
vertently reduced about 2 per cent; but this is unimportant. It was desired to arrange 
the seismograms in the order of their distances from the origin, but on account of the two 
different methods of reproduction, and the greater number of plates this plan would 
require, it was given up and the seismograms arranged so as to make the smallest pos- 
sible number of plates. The seismograms from any station can readily be found from the 
list of observatories, from the contents, or from the table of contents of the Atlas. 
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OBSERVATORIES AND THE DATA OBTAINED. 

In the following list the observatories are arranged in the order of their distances from 
the origin of the disturbance, and the map, plate 1, shows thrir positions graphically; it 
also shows their distances from the origin and the courses followed by the earthquake 
waves.* The distances of the stations are calculated along the arc in degrees and in 
kilometers, and along the chord in kilometers. In calculating these quantities the ordi- 
nary trigonometrical formulse are used. The earth is considered spherical with a radius 
of 6,370 km. ; which gives 111.18 km. for the length of one degree of arc. (We can readily 
convert kilometers into miles by multiplying by 1.61.) In the collection of data all 
information available aiding in the interpretation of the seismograms is given. Altho 
other instruments in the same observatory may have recorded the shock, only those 
whose records were obtained are mentioned; and all their constants, so far as possible, 
are given. The component indicated refers to the direction of the earth vibrations 
recorded; for instance, a horizontal pendulum in the meridian would record the east- 
west component. The abbreviations used have the following meanings : 
the complete period of the pendulum without damping. 

V, the magnifying power for very rapid vibration. 

J, the indicator length, as used by Professor Wicchert. It is the product of the 
length of the simple mathematical pendulum, having the same period, mul- 
tiplied by the magnifying power, V. Its value is therefore (7’„/2 ir)’ g V. 
It is also given by a/at, where a is the displacement of the pointer due to 
a tilt, at, of the ground. On account of friction these two values do not 
always agree. The value obtained by the first method is given ; and 

Angular displacement ^ves the displacement of the pointer due to a tilt. 

L, the distance of the center of oscillation from the axis of rotation ; it equals 

the length of a mathematical pendulum of the same type, as defined on 
page 155. 

L', the length of the simple mathematical pendulum having the same period. 
Its value in meters is practically the square of half the period in seconds. 

M, the mass of the pendulum. 

€, the damping ratio of the vibrations. 

r, the frictional displacement of the medial line, as defined on page 163, and 
shown in fig. 43. 

In the majority of cases the values' of the constants, or data sufficient to calculate them, 
have been supplied by the director in charge of the instrument ; in the case of the Milne 
or the 10-kilogram Bosch-Omori instrument, the values of some of the constants could 
be obtained from exactly similar instruments installed in Baltimore. The value of L for 
the Wiechert inverted pendulum is taken from Dr. Etzold’s report on the Leipzig instru- 
ment. The times of the arrival of the different components at the station as recorded 
by the various instruments refer to the first preliminary tremors, the secondpreliminary 
tremors, the regtdar waves, the principal part, and the maximum disturhance. The hour is 
usually omitted as unnecessary ; when the times are reported in minutes and seconds, 
they are indicated thus, 21*° 43*; when they are reported in minutes and tenths of min- 
utes they are indicated thus, 21.7“. The interval of time required for the waves to reach 
the station is given by subtracting the time of the shock, 12“ 28* or 12.5“, from the time 
of arrival. The amplitvde is the displacement of the pointer from its position of equilib- 
rium measured on the seismogram in millimeters, and always refers to the maximum dis- 
turbance unless it stands opposite some other time. The earth's amplitude is the corre* 

* Ebbata. — Two of the stations have been slightly misplaced. Kodaikanal, Madras, should be about 
2.5 mm. north of the southern end of India and about equally distant from the sea to the east and west. 
Mauritius should lie in the southeastern angle between the line marking 20° S. latitude and the red 
north-south line thru the antipodes of the origin, and practically touching these lines. 
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sponding displacement of the earth. The 'period relates to the period of the earth-waves 
as recorded on the seismogram, and not to the natural period of the pendulum. Some 
of the times and other quantities relating to the records were sent by the directors of 
the various observatories, some were extracted directly from the seismograms. A dis- 
cussion of any special characteristics which a seismogram may have follows the records 
of each station. 

Usually different instruments at the same station give somewhat different times for the 
arrival of the various phases. The cause of these differences is not known and the aver- 
age has been taken as the record of the station. In a few cases some instruments have 
evidently been late in responding to the disturbance ,* their records have been disregarded. 

The direction of a station is the angle at the origin between the meridian and the great 
circle passing thru the origin and the station. 

In order more readily to find the data of any particular station the following alphabeti- 
cal list refers to the records and the seismograms. 


List of Observatories. 

S'fATION. 

Page. 

Skiamogram. 
BHKRT No. 

Station. 

Page. 

StLlAMOGRAM, 
BHERT No. 

Agram (Zagreb), Hungary . . 

03 

• • • 

Messina, Italy 

100 

12 

Alameda, California .... 

63 

3 

Mizusawa, Japan 

73 

. . . 

Albany, New York 

71 

8 

Moscow, Russia 

84 


Apia, Samoa 

72 


Mount Hamilton, California . . 

64 

3 

Baltimore, Maryland .... 

71 

i 

Munich, Germany 

85 

5 

Batavia, Java 

106 

15 

Oakland, California 

62 

3 

Belgrade. Servia 

97 


O'Gyalla, Hungary 

91 


Bergen, Norway 

74 


Osaka, Japan 

76 

15 

Berkeley, California .... 

62 

3 

Ottawa, Canada 

69 

10 

Bidston, England 

75 

1 

Paisley, Scotland 

73 

1 

Bombay, India 

105 

2,15 

Pavia, Italy 

88 

7 

Budapest, Hungary .... 

91 

• , , 

Perth, Western Australia . . 

106 

2 

Ca^giano (Salerno), Italy . . 

99 


Pilar (Cordoba), Argentina . . 

95 

1 

(vairo (Helwan), Egypt . . . 

104 

i 

Pola, Austria 

94 

. . . 

C'alamate, Greece 

102 

15 

Ponta Delgada, Azores . . . 

73 

1 

Calcutta, India 

105 

1 

Porto Rico (Vieques) .... 

71 

8 

Cape of Good Hope, Africa . . 

107 

1 

Potsdam, Germany .... 

81 

4,5 

Carloforte, Sardinia, Italy . . 

97 

. . 

QuartO'Castello (Florence), Italy 

94 

6 

Carson City, Nevada .... 

65 

3 

Rio de Janeiro, Brazil .... 

101 


Catania, Italy 

101 

13 

Rocca di Papa, Italy .... 

96 

i4 

Cheltenham, Maryland . . . 

70 

8 

Sal6, Italy 

89 


Christchurch, New Zealand . . 

103 


San Fernando, Spain .... 

85 

i 

Cleveland, Ohio 

68 

3 

San Jose, California .... 

63 

3 

(yoimbra, Portugal 

82 

1 

Sarajevo, Bosnia 

97 

15 

Dorpat (Jurjew), Russia . . . 

78 

10 

Shide, England 

76 

7, 12 

Edinburah, Scotland .... 

74 

1 

Sitka, Alaska 

66 

11 

Fiume, Hungry 

92 


Sofia, Bulgaria 

100 

13 

Florence (Ximcniano), Italy . 

93 

6 

Strassburg, Germany .... 

84 

14 

Florence (Quarto-Castello), Italy 

94 

6 

Tacubaya, D. F., Mexico . . 

67 

9 

Gottingen, Germany .... 

81 

12 

Tadotsu, Japan 

104 

. . . 

Granada, Spain 

1 87 

14 

Taihoku, Formosa 

99 

15 

Hamburg, Germany .... 

78 

... 

Taschkent, Turkestan .... 

102 

2, 13 

Honolulu, Hawaiian Islands 

68 

1 2 

Tiflis, Russia 

102 

. . . 

Irkutsk, Siberia 

79 

2,2a,13 

Tokyo, J^an 

74 

11 

Ischia (Grande Sentinella), Italy 

98 

7 

Toronto, Canada 

68 

1 

Ischia (Porto d'Ischia), Italy . 

98 

7 

Tortosa, Spain 

86 

. . . 

Jena, Gennany 

83 

11 

Triest, Austria 

90 

. . . 

Jurjew (Dorpat), Russia . . . 

78 

10 

Trinidad, West Indies . . . 

72 

. . . 

Kew, England 

77 

1 

Ucclc, Belgium 

78 

2a 

Kobe, Japan 

77 

5 

Upsala, Sweden 

75 

9 

Kodaikanal, India 

106 

2 

Urbino, Italy 

95 


Krakau, Austria 

87 

13 

Victoria, British Columbia . . 

66 

"i 

Kremsmilnster, Austria . . . 

86 

2 

Vienna, Austria 

89 

9 

Laibach, Austria 

90 


Washington, District of Columbia 

69 

8 

Leipzig, Germany 

82 

. . . 

Wellington, New Zealand . . . 

102 

2 

Los Gatos, California .... 

64 

! 3 

Yountville, California .... 

62 

3 

Manila, Philippine Islands . . 

103 


Zagreb (Agram), Hungary . . 

93 


Mauritius 

107 

2 

Zi-lbi-wei, China 

95 

15 
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REPORT OF THE CALIFORNU EARTHQUAKE COMMISSION. 


BERKELEY, CAUFORRIA. 

Studoits’ Astronomical Observatory of the Univeraty of California. Prof. A. 0. 
Leuschner, director. 

Lat. 37® 53' N. ; long. 122® 16' W. ; altitude, 97 meters ; distance, 0.46® or 51 km. ; 
direction, S. 68® E. 

Foundation, solid rock. 

Seismograms, sheet No. 3. 

The instruments used were (1) Ewing three-component seismograph, (2) Ewing duplex 
pendulum, V, 4. The recording plate of the three-component seismograph was raised 
ofif its bearings and failed to revolve, and the brackets recording horizontal motion were 
so disarranged that no reliable record was made; but the weight recording vertical mo- 
tion showed a maximum displacement just within the range of the instrument, namely, 
76 mm., and as the magnifying power was 1.7, and the friction so great that it was practi- 
cally dead-beat, we may fairly conclude that the maximum vertical range of the ground 
was about 45 mm., and the amplitude half as much. 

The duplex pendulum record is greatly confused and much affected by the stops which 
limit the displacement of the pendulum; but by a careful study of a greatly magnified 
record. Professor Leuschner has succeeded in working out the early part of the motion 
which is reproduced separately on the left of the complete seismogram. The directions on 
the seismograms show the directions of the earth’s movements. As the magnifying power 
is 4, we sec that there was first a movement of the earth of 4.5 mm. towards the east, that 
is, away from the origin, followed by a movement of 6.5 mm. to the north. It then swung 
towards the west and back to the southeast. The character of the movement from this 
point can be more easily understood from the seismogram than from a verbal description ; 
it is soon lost in the confused record which shows a great deal of irregularity; this must, 
however, partly be due to the influence of the stops which limit the movements of the 
pendulum. The stops limited the motion so that an earth-amplitude of only 11 mm. 
was recorded, far less than was actually experienced. 

OAKLAND, CALIFORNIA. 

Chabot Observatory. Prof. Charles Burckhalter, director. 

Lat. 37® 48' N.; long. 122® 17' W.; altitude, 4 ± meters; distance, 0.48® or 53 km.; 
direction, S. 59® E. 

Foundation, alluvium. 

Seismograms, sheet No. 3. 

The instrument used was a Ewing duplex pendulum, V, 4. The seismogram is too con- 
fused to give details ; but we see clearly that the movement of the pendulum was limited 
by the nature of the instrument; the movement seems to have been in nearly all direc- 
tions, and more or less irregular, tho this insularity was undoubtedly in part due to the 
pendulum’s striking against the side of the case. The beginning of the movement can not 
be made out on the seismogram. The earth-amplitude recorded is only 10 mm., much less 
than was actually experienced. 

YOUNTVILLE, CALIFORNIA. 

Veterans’ Home. F. M. Clarke, superintendent. 

Lat. 38® 24' N.; long. 122® 22' W.; altitude, 50 meters; distance, 0.49® or 54 km. 
direction, N. 45® E. 

Foundation, alluvium over trachite. 

Sdsmograms, sheet No. 3. 
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The instrument used was a simple pendulum about a meter long, the bob weighing 
8.15 kg. A long pin passes fredy thru a vertical hole in the middle of the bob and 
records on smoked glass below, with very little friction. V, 1.1 ± . 

The reproduced seismogram represents the record as it was made by the pendulum. If 
the pendulum had remained stationary, the movements of the earth would have been 
just opposite to the recorded movements of the pendulum ; but the record is complicated 
by the free swinging of the pendulum, which was subjected to little friction. The ban- 
ning of the movement can not be determined from the seismogram ; but from observation of 
a swinging electric light Mr. Clarke reports it as north to south. The seismogram shows 
a movement in the northwest-southeast quadrants with a ffurly uniform amplitude of 
25 mm. The direction of the pendulum’s swing changes, but shows little rotatory motion. 
Singularly, there is no large motion in tbe northeast-southwest quadrants, the motion in 
this direction being represented by an elliptic swing with its long axis directed to the north- 
east, but with only one-third the amplitude of the larger motion. The smallness of the 
friction, and the lack of exact information regarding the period of the waves, make it 
impossible to determine the true amount of the earth’s motion. 

Mr. Clarke ^ves the following account of the disturbance : 

The first motion was a tremor that swiftly increased in intensity from north to south, 
and was quickly compounded into a twisting motion accompanied with severe upward 
thrusts, a ‘ churning motion.’ Then followed a jerky easterly and westerly motion, with- 
out the upward thrust, and again the twist ; at the end the motion seemed to be south- 
easterly and northwesterly. Houses were jerked upward. Chimneys were thrown down 
at the latter part of the shock.” 

It is curious that the pendulum did not indicate more clearly the existence of rotatory 
motion ; and it is still more curious that there was so little motion in a northeasterly 
direction, the direction of propagation of the disturbance. 

ALAMEDA, CAUFORIIIA. 

Mills College Observatory. Prof. Josiah Keep, director. 

Lat. 37* 47' N. ; long. 122® 11' W. ; distance, 0.55* or 61 km. ; direction, S. 61* E. 

Sdsmograms, tireet No. 3. 

The instrument used was a Ewing duplex pendulum ; mechanical r^istration on smoked 
glass; V, 4. 

The seismogram shows a confused record with the beginning undetermined. The mark- 
ing point has jumped and must have been caught beyond the glass plate, as the record is 
evidently incomplete. The recorded amplitude corresponds to an earth-amplitude of 10 
mm., but it must have been much greater. 

SAN JOSE, CAUFORRIA. 

University of the Pacific. Prof. J. Culver Hartzell. 

Lat. 37* 20' ± N. ; long. 121* 55' ± W.; altitude, 25 ± meters ; distance, 1.01* or 112 
km. ; direction, S. 45* E. 

Foundation, alluvium. 

Seismograms, sheet No. 3. 

'The instrument used was a Ewing duplex pendulum, V, 4. 

The beginning of the movement is probably contained in the blur near ” W,” but it is 
impossible to determine in what direction the pointer moved from this spot; the pointer 
must have caught, for the sdsmogram evidently represents but a small part of the dis- 
turbance. The recorded amplitude corresponds to an earth-amplitude of 10 mm. ; but 
it must have been much greater. 
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LOS GATOS, CAUFORNIA. 

Private observatory. Irving H. Snyder. 

Lat. 37“ 14' N. ; long. 121“ 5^ W. ; distance, 1.04“ or 115 km. ; direction, S. 38“ E. 

Foundation, on soil not far from solid rock. 

Seismograms, sheet No. 3. 

The instruments used were Rocker seismographs. Two lead bars are each supported 
at the center of two thin circular segments, so that they rock easily on a smooth plate, one 
in a north-south, and one in an east-west Erection. The movements of these rockers are 
recombined by means of levers and a record is made on smoked glass entirely analogous to 
the records of a Ewing duplex pendulum. The movement of the earth was magnified 
about four times. 

The arrows show the directions of the motions. If the marking point is supposed 
stationary, it would be necessary to interchange the directions north and south, east and 
west, in order to represent the true movement of the earth. The movement seems to have 
begun in the blurred mark near the middle of the seismogram and the first distinct move- 
ment of the pointer was towards the west, and therefore the first distinct movement of 
the earth was towards the cast. This was followed by movements in various directions ; 
the violence of the disturbance quickly disarranged the rockers, and the record is very in- 
complete. The recorded earth-amplitude is only 5 mm. ; but this was much less than the 
real maximum. 

MOUNT HAMILTON, CALIFORNIA. 

Lick Observatory. Prof. W. W. Campbell, director. 

Lat. 37“ 20' N. ; long. 121“ W. ; altitude, 4,210 meters ; distance, 1.16“ or 129 kra. ; 
direction, S. 53“ E. 

Foundation, solid rock ; the observatory is on the summit of Mount Hamilton. 

Seismograms, sheet No. 3. 

The instruments used were : (1) Ewing three-component seismograph ; V : north-south 
component, 4.2; east-west component, 4; vertical component, 1.8. The reproduced 
seismogram is only half the size of the original and therefore it only magnifies the dis- 
placements half as much as indicated above. 

(2) Ewing duplex pendulum, V, 4. In reading the actual movement of the ground 
from the duplex record we must intercliange the directions cast and west. Both 
instruments record on smoked gla.ss. The duplex record shows that the earth first 
moved for a distance of 7 mm. in a direction S. 60“ E., that is, away from the origin ; this 
was followed with some irregularity, by several vibrations parallel with this direction, 
with increasing amplitude, and then the movement became confused ; there was much 
jumping of the pen, and as much of the movement was not recorded, the pen must have 
been held off the plate. Unfortunately we can not say positively when the movement 
recorded on this instrument began, but its amplitude makes it most probable that it 
b(^n at the same time as the record on the other instrument, namely at 5'‘ 12™ 45*. 

Altho the earthquake was first felt at Mount Hamilton at 5^ 12™ 12*, the Ewing 
three-component seismograph was not set in motion until 5** 12™ 45*; that is, it was 
started by the violent shock. This was the nearest instrument to the centrum that w&s 
driven by a clock and which separated the various phases of the shock. We note that 
for 9 seconds the disturbance was comparatively slight and then came the strong move- 
ment which carried the t^ns beyond the limits of the glass plate. The north-south com- 
ponent was soon caught and, with the exception of one spasmodic swing across the plate, 
^d not record again for 1 minute 40 seconds, by which time the disturbance had very much 
diminished. The cast-west component seems to have been better placed, for altho 
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the pen swung well off the plate, it does not seem to have been caught for more than 
a few seconds at a time. The vertical component recorded but little even during the 
earlier phase, and when the heavy shock began, 9 seconds after the beginning, it was so 
deranged that it became permanently caught and incapable of vibrating, so that its 
record is simply a circle on the plate. The seismogram shows that there were at first 
two complete vibrations in a direction about northwest and southeast; the period of 
the first was about 1 second, that of the second about 4 seconds. The first move- 
ment was towards the southeast and amounted to 7 mm. ; the second movement in 
that direction was twice as far. The vertical movement was first upward and amounted 
to about 15 mm. ; the; period was about twice as long as that of the horizontal mo- 
tion. But this may be due to derangement by the shock. This shows quite dearly 
that the first movement of the ground was directed away from the origin of the shock. 

At the beginning of the strong motion, at 5*^ 12™ 54*, the vibration had a period of about 

2 seconds which soon increased to 4 or 5 seconds and, at times, was even as great as 
10 seconds. The north-south component, as recorded at 5*^ 13™ 12*, shows an earth- 
amplitude of 4 cm. The maximum east- west amplitude recorded was about the same. 
The beginning of the strong movement was directed towards the northwest. 

CARSON CITY, NEVADA. 

Carson Observatory. Prof. C. W. Friend, director.^ 

Lat. 39° 10' N. ; long. 119° 40' W. ; altitude, 1,420 m(‘tei-s ; distance, 2.62° or 291 km. ; 
direction, N. 04° E. 

Seismograms, sheet No. 3. 

The instrument used was a Ewing duplex pendulum, V, 4. 

Altho the seismogram shows movements in all directions, it differs very materially from 
the seismograms of similar instruments nearer the origin. We do not find the sudden and 
irregular change's in dire'ction, but the changes arc rather gentle. At this distance from 
the origin the disturbanc(^ liad become a gentle swing with a period of about 3 seconds. 

Professor Friend gave the time of arrival of tlui disturbance as 5*‘ 12™ 25*. This is 

3 s(;c,onds before the occurrence of the heavy shock ; and we are led to the inquiry 
whether it may not refer to the earlier light disturbance, which occurred at 5** 11“ 58". 
This, however, is negatived by two facts. If the first disturbance was felt at Carson City, 
the violent shock, which was many tiin(« stronger, should have been felt at a far greater 
distance, whereas Winnernucca and hjureka, about twice as far from the origin as Carson 
City, ar(5 the most distant points where the disturbance was noticed, and the intensity at 
these pla(!es was so much less than at Carson City, that we must suppose they all felt the 
same disturbance ; it docs not seem possible that Carson City could have felt the earlier and 
lighter shoc^k and that the violent slioc^k was not felt at far greater distances than Winne- 
mucca and Eureka. Again, if (yamon City felt the earlier shock at 5** 12™ 25", 27 seconds 
after its occurrence, the velocity of transmission would have been 291/27 or 10.8 km. /sec. 
This is greater than can he admitted, for the velocity of transmission increases with the 
distance rneasunHl along the (^hord, and the velocity for points ten times as far from the 
origin as Cai’son City is only about 8.5 km. /sec. We are obliged either to suppose that 
there is an error in the time report from Carson City, or that a light local shock occurred 
in its neighborhood a few seconds before the violent shock occurred on the coast. The 
latter could not have b(^5cn felt at Carson City before 5*^ 13™, and as there is no record 
there of two disturbances the supposition of a local shock seems improbable. It is very 
unfortunate that we can not use the Carson City observations to determine the velocity 
of propagation of the earthtjuake disturbance. 


* Professor Friend died in January, 1907. 
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VICTORIA, BRITISH COLUMBIA. 

Meteorological 0£Sce. R. F. Stupart, F. R. S. C., director; E. Baynes Reed, superin- 
tendent. 

Lat. 48** 27' N.; long. 123*’ 22' W.; altitude, not much above searlevel; distance, 
10.41° or 1,157 km. ; chord, 1,155 km. ; direction, N. 20° W. 

Foundation, solid rock. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component ; photographic 
registration. Tg, 15 seconds; V, 6.1; J, 330 meters; angular displacement, 1 mm. 
= 0.76"; M, 255 gm.; L, 15.6 cm. 

Blast component: first preliminary tremors, 14.2“; second preliminary tremors, 14.7“; 
maximum, 17.1“; amplitude, 17 -|- mm. 

There seems to have been a reinforcement of the motion at 15.2“, and at 16.1“ the 
motion was strong enough to join the records from opposite sides of the seismogram ; 
that is, the amplitude of the pointer exceeded 17 mm. ; this continued with slight inter- 
ruptions for 11 minutes, and then diminished with many irregularities. If Victoria 
recorded only the violent shock, the velocity of propagation would have been 1,155/104 
= 11.1 km./sec., which is far too great; we must therefore believe that the beginning of 
the record refers to the earlier and lighter motion that began at 5'* 11“ 58* at a point 
25 km. further from Victoria. The velocity would then be 1,181/134 = 8.8 km./sec., 
which is a little but not much larger than might be expected. The beginning of the 
strong motion on the seismogram, coming a half minute after the beginning of the record, 
occurs too early for the long waves from the earlier disturbance, and too early even for 
the second preliminary tremors. It must represent the first preliminary tremors of the 
violent shock, whose velocity would then be 1,155/134 =°8.6 km./sec. We thus get two 
records of the velocity of the first preliminary tremors ; which agree very well when we 
consider the difficulty of determining the exact point on the seismogram where the 
movements begin, and the further difficulty of reading the corresponding time as near as 
a tenth of a minute. The strong motion, beginning at 16.1“, would correspond in time to 
the arrival of the second preliminary tremors of the earlier shock, but as this shock was 
not felt in Sitka it does not seem possible that it could have made so great a record in 
Victoria, even tho the latter recorded especially the transverse vibrations and the former 
the longitudinal. The remainder of the record is complicated by the overlapping of 
vibrations coming apparently from different parts of the fault-plane. 

SITKA, ALASKA. 

Magnetic Station of U. S. Coast and Geodetic Survey. O. H. Tittmann, superintendent ; 
Dr. H. M. W. Edmonds, magnetic observer. 

Lat. 57° 03' N. ; long. 135° 20' W. ; altitude, 15 meters; distance. 20.72° or 2,303 km.; 
chord, 2,291 km. ; direction, N. 19° W. 

Foundation, directly on solid rock. 

Seismograms, sheet No. 11. 


The instrument was a Bosch-Omori horizontal pendulum, north component ; mechanical 
registration on smoked paper. 7„ 14 seconds; V, 10; J, 490 meters; e, 1.0; r, 1.0 mm.; 
M, 10 kg. ; L, 75 cm. 
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There were no regular time marks on the seismograms, but certain marks have been 
made artificially, which enable us to make fair estimates of the times. 

The motion b^ins very gently at 17“ 02*; at 17“ 32* a stronger movement occurs, 
which dies down in a little over a minute ; it is possible that this is the true b^inning of 
the first preliminary tremors; at the beginning and soon after the end of this movement 
there were east-west jars which shook the recording drum and caused an overlapping of 
the record. The beginning of the second preliminary tremors is about 21“ 06* with an 
mnplitude of 11 mm. This continued with some irregularity until 22“ 32*, when the 
marker went beyond the limits of the paper, i.e., with an amplitude greater than 65 mm. 
The strong motion lasted about 14.5 minutes to 13'‘ 36*^, and then the movement con- 
tinued with small amplitude and occasional reinforcements until about 15*' 17“. It is 
not unlikely that the times at Sitka are all about a half-minute too late; this correction 
would make them accord better with observations from other stations in drawing the 
hodographs. 

The damping is entirely negligible; and the solid friction is not laige. The period 
during the large motion is practically that of the pendulum, so that it is impossible to 
estimate the magnification, or the actual movement of the earth. 

The question arises : Did Sitka, like Victoria, record the early slight shock or only 
the violent shock ? If it recorded the early shock, the average velocity from the origin 
would have been 2,316/304 = 7.63 km. /sec.; but since this shock reached Victoria at 
14.2“, it must have progressed from that neighborhood to Sitka at a rate of about 
(2,316 — 1,180)/ 170 = 6.7 km. /sec. We can not believe that the disturbance advanced 
for the first half of the distance to Sitka at a rate of 8.8 km. /sec., and for the second half 
only at a rate of 6.7 km. /sec. We are, therefore, obliged to believe that Sitka, which 
recorded the component at right angles to that recorded at Victoria, really recorded 
only the violent shock ; the velocity for which then becomes 2,291/274 = 8.36 km./sec., 
which is about the velocity we should expect. 

TACUBAYA, D. F., MEXICO. 

Obsei'vatorio Astronomico Nacional. Senor F. Valle, director. 

Lat. 19° 24' N. ; long. 99° 12' W. ; altitude, 2,280 meters ; distance, 27.70° or 3,081 km. ; 
chord, 3,050 km. ; direction, S. 54° E. 

Foundation, alluvium. 

Seismograms, sheet No. 9. 

The instruments used were Bosch-Omori horizontal pendulums, two horizontal com- 
ponents ; mechanical registration on smoked paper. 

(1) North component : T,, 17.3 seconds; 7,15; /, 1,120 meters; M,10kg.; L, 75 cm. 

(2) East component : T,, 17.6 seconds ; V, 15 ; J, 1,160 meters ; M, 10 kg. ; L, 75 cm. 



First Preliminary 
Tremors. 
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Tremors. 
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(1) North component 

17 

58 

22 

50 
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26 
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(2) East component 

17 

58 

22 

54 


25 

30 

26 

80 + 


Average . . . 

17 

58 

22 

52 

25 37 

26 
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Interval . . . 

5 

30 

10 

24 


13 

37 





The second phase is much stronger on the east component than on the north component, 
which is due to synchronism of periods ; and the long waves begin more definitely on the 
east component. 
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The periods during the strong motion approach those of the pendulums and therefore 
we can not estimate the earth’s movement; the fact that the marker goes beyond the 
limits of the record very near the beginning of the strong motion shows, however, that the 
earth’s displacement was large. 

CLEVELAND, OHIO. 

St. Ignatius College Observatory. Rev. F. L. Odenbach, S. J., director. 

Lat. 41® 29^ N. ; long. 81® 42' W. ; altitude, 230 meters ; distance, 31.47° or 3,498 km. ; 
chord, 3,456 km. ; direction, N. 71® E. 

Foundation, stiff clay. 

Seismograms, sheet No. 3. 

The instrument used was a hcavj' pendulum, prevented from swinging by four carbon 
rods pressing against it in directions 90° apart. Electric currents pass thru the carbons 
and the pendulum and then thru carefully balanced solenoids, which carry pens marking 
on white paper. At the time of a shock the pressure of the pendulum against the carbons, 
and hence the currents, vary, and the marking pens arc displaced, making a record. 
The preliminary tremors can not be made out ; but the principal part begins about 13'’ 29.4™. 

TORONTO, CANADA. 

Meteorological Office. R. F. Stupart, F. R. S. C., director. 

Lat. 43° 40' N. ; long. 79° 23' E. ; altitude, 107.5 met(irs ; distance, 32.93° or 3,571 
km . ; chord, 3,610 km. ; direction, N. 66° E. 

Foundation, boulder clay, 32 meters above Lake Ontario. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component ; photographic 
registration. T#) 14.8 seconds; F, 6.1; J, 330 meters ; e, 1.051; angular displacement, 
1 mm. = 0.66" ; M , 255 gm. ; L, 15.6 cm. 



First Prrlxiiinary 
Tremors. 

Second Preliminary 
Tremors. 

iiEUULAK 

Wavrm. 

Max. 

Amplitude. 


min. 

min. 

min. 

min. 

mm. 

East component . . . 

19.3 

24.5 

27.9 

33.3 

17 + 

Interval .... 

6.8 

12.0 

15.4 




Banning given as 19.3“; intensified at 24.5“; and again at 27.6“; at 32.0“ the 
records join from opposite sides, i.e., the am]>litudc was greater than 17 mm. This con- 
tinues with one interruption for 10 minutes. The motion dies down considerably, but 
at 55.0“ the sides again join for 2 minutes with one small interruption. The rctnaind(‘r 
of the record is subsiding. The period during the strong motion can not be determined 
from the seismogram on account of the close time scale, but from records at other stations 
it could not be very different from that of the pendulum, and this accounts in part for the 
large amplitude. 

HONOLULU, HAVITAIIAN ISLANDS. 

Magnetic Observatory of U. S. Coast and Geodetic Survey. O. H. Tittmann, superin- 
tendent; S. A. Decl, magnetic observer. 

Lat. 21° 19' N.; long. 158° 04' W.; distance, 34.60° or 3,846 km. ; chord, 3,790 km.; 
direction, S. 71° W. 

Foundation, directly on solid coral rock. 

Seismograms, sheet No. 2. 

The instrument used was a Milne horizontal pendulum, east component; photographic 
registration. T,, 19 seconds ; F, 6.1; J, 560 meters; M, 255gm.; L, 15.6 cm. 
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Tremors. 
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Tremors. 
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mtn. 
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East component . . 

19.5 

j 

26.2 to 28.2 
28.9 to 32.1 

17 + 

17 + 

Interval . . . 

7.0 

11.9 ^ 




The instrument was not p(;rfectly still and the time of the Ixigiimiug is difficult to 
determine. The time given is that of the observer in charge. There is a well-marked 
movement 0.6 minute later, which may mark the arrival of waves reflected once inter- 
nally at the earth’s surface. The time of arrival of the long waves is not definite. There 
are large vibrations at 26.6“ and others at 29.1“; the latter fit the hodograph of the 
regular waves, but they are too uncertain and have not been used. 

OTTAWA, CANADA. 

Astronomical Obs(<rvatory. Dr. Otto J. Klotz, director. 

Lat. 45° 24' N. ; long. 75° 43' W. ; altitude, 82 meters ; distance, 35.37° or 3,932 km. ; 
chord, 3,871 km. ; direction, N. 62° E. 

Foundation, boulder clay. 

Seismograms, sheet No. 10. 

The instruments used were Bosch-Oniori horizontal pendulums, two horizontal com- 
ponents; photographic registration. 

(1) North component: T^, 5.71 seconds; F, 120; J, 970 meters; c, 1.50; r, 0.0mm.; 
M, 200 gm. ; L, 6.68 cm. 

(2) East component : T,, 7.06 seconds ; F, 120; J, 1 ,500 meters ; 6,1.76; r, 0.0 mm.; 
M, 200 gm. ; L, 6.68 cm. 
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Tremors. 
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19 

19 

24 50 
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6 

51 
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The cast component liegan 13 seconds before the north ; this indicates that the longi- 
tudinal motion l>egan before the transverse. The north earth-amplitude (one minute 
after the b eginning ) was 0.004 mm.; and the east earth-amplitude (0.5 minute after 
hei ginning ) was 0.005 mm. These values arc somewhat uncertain on account of the 
closeness of periods. The periods of the waves are not very different from that of the 
pendulums. On the north component the motion became so large for 10 minutes after 
31.0“ that it can not be followed; it then dies down to quiet at about 16’' 30“. On the 
east component the records are superposed so that the phases can not be distinguished 
after the beginning. 

WASHINGTON, DISTRICT OF COLUMBIA. 

U. S. Weather Bureau. Prof. Willis L. Moore, chief ; Prof. C. F. Marvin in change of 
seismographs. 

Lat. 38° 54' N.; long. 77° 03' W.; altitude, 20.5 meters; distance, 35.44° or 3,939 
km. ; chord, 3,878 km. ; direction, N. 74° E. 

Foundation, firm clay and gravel ; solid rock probably within 8 meters. 

Seismograms, sheet No. 8. 
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The instrument used was a Bosch-Omori horizontal pendulum; east component; 
mechanical r^istration on smoked paper. r., 32 seconds, V, 10; J, 2,540 meters; 
e, 1.35; r, 0.56 mm.; M, 17.35 kg.; L, 75.2 cm. 



Fibbt Preuminary 
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Tremors. 
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25 
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95 
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52 
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Duration, 4.3 hours. Perhaps the long waves should begin a minute earlier. The very 
strong motion only lasted about 4.5 minutes. During the second preliminary tremors 
the period was aiwut 25 seconds, and amplitude 95 mm., corresponding to an earth- 
amplitude of 0.4 mm. During the regular waves at 32.0“ when the pointer went off the 
record, the period was about 30 seconds, practically that of the pendulum ; so that we 
can not draw conclusions regarding the actual motion of the ground. 

CHELTENHAM, MARYLAND. 

Magnetic Observatory of U. S. Coast and Geodetic Survey. 0. H. Tittmann, super- 
intendent; W. F. Wallis, magnetic observer. 

Lat. 38“ 44' N. ; long. 76“ 50.5' W. ; altitude, 72 meters ; distance, 35.64“ or 3,962 
km. ; chord, 3,899 km. ; direction, N. 74“ E. 

Foundation, sands and gravel. 

Seismograms, sheet No. 8. 

The instruments used were Bosch-Omori horizontal pendulums, two horizontal com- 
ponents ; mechanical registration on smoked paper. The corrections to G. M. T. are 
negative for both components. 

(1) North component : T,, 20 seconds ; F, 10; /, 1,000 meters ; M, 10 kg.; L, 75 cm. 

(2) East component : T,, 25 seconds; F, 10; J, 1,560 meters ; M, 10 kg. ; L, 75 cm. 
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Duration, north, 2.7 hours; cast, 3.1 hours. Th(5 time of the first preliminary tremors 
on north component is not very definite, but it is not later than 19** 30“. The longitudi- 
nal waves apparently arrived some seconds earlier than the transverse. This probably 
means that the longitudinal waves were first felt, and then the disturbance became more 
complex. The regular waves are a little earlier on the north than on the east 
component, as is also the strong motion. 

The dying-out curves scut me to determine the damping and friction are too irregular 
to yield definite results, which is probably due to irregular friction ; but if we neglect the 
damping and frictional terms, we find the magnifying power of the north component for 
waves of period 13 seconds (13** 34“) to be 17.3 ; and since the amplitude of the pendulum 
is 40 mm. that of the earth would be 2.3 mm. ; with the same a.ssumption, the magnify- 
ing power of the east component for waves of period 9 seconds (13** 36“) is 11 ; and the 
corresponding earth-amplitudes, 3.2 mm. But both of these values are too small, as the 
movements of the pendulums seem to have been limited by the stops. It is not unlikely 
that the total eaith-amplitude at Cheltenham may have amounted to 5 mm. 
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BALTIMORE, MARYLABD. 

Johns Hopkins University. Prof. Harry Fielding Reid, in charge of seismographs. 
Lat. 39® IS' N. ; long. 76® 37' W. ; altitude, 30 meters ; distance, 35.74° or 3,973 km. ; 

chord, 3,909 km. ; direction, N. 73® E. 

Foundation, clays and gravels, about 30 meters thick, resting on rock. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum; component, N. 60® W. ; photo- 
graphic registration. T,, 14 seconds ; V, 6.1 ; J, 300 meters ; e, 1.03 ; r, 0.0 mm. ; angu- 
lar displacement, 1 mm. = 0.83"; Af, 255 gm.; L, 15.6 cm. 
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If we assume that the wave period at Baltimore was the same as that at Cheltenham, 
namely, 13 seconds, we see that the large amplitude at this station is due to synchronism 
of periods of the waves and the pendulums. 


ALBANY, NEW YORK. 

New York State Museum. Dr. John M. Clarke, State geologist. 

Lat. 42° 39' N. ; long. 73° 45' W. ; altitude, 26 meters; distance, 37.13° or 4,128 km. ; 

chord, 4,056 kra. ; direction, N. 67° E. 

J’oundation, heavy blue clay with interbedded sand and gravel. 

Seismograms, sheet No. 8. 

The instruments used were Bosch-Omori horizontal pendulums, two horizontal com- 
ponents; mechanical registration on smoked paper. Constants for both components: 
To; 30 seconds; V, 10; J, 2,240 meters; Af, 11.28 kg.; L, 85.5 cm. 
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16 

04 

20 17 

21.2 





Duration, north, 2.1 hours; east, 2.7 hours. The times of the preliminary tremors 
are two or three minutes too late. The strong motion on the east component lasted about 
9 minutes, on the north component only 2 minutes; but the greatest amplitude was 
shown by the latter. The strong motion was not regular nor long enough to estimate the 
amplitudes of the earth’s motion. 

PORTO RICO (VIEQUES), WEST INDIES. 

Magnetic Observatory of U. S. Coast and Geodetic Survey. 0. H. Tittmann, super- 
intendent ; P. H. Dike, magnetic observer. 

Lat. 18® 08' N. ; long. 65° 26' W. ; altitude, 40 meters ; distance, 53.45° or 5,942 km. ; 
chord, 5,729 km. ; direction, S. 85® E. 

Seismograms, sheet No. 8. 
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The instruments used were Bosch-Omori horizontal pendulums, two horizontal com- 
ponents ; mechanical registration on smoked paper. 

(1) North component: To, 20 seconds ; F, 10; •/, 1,000 meters; c, 1.066; r, 3.25 mm.; 
Af, 11 kg.; L, 75 cm. 

(2) East component: To, 21 seconds; V, 10; J, 1,100 meters; e, 1.0; r, 2.6 mm.; 
Af, 11 kg.; L, 75 cm. 
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Duration, north, 2 hours; east, 2.5 hours. The periods of the waves coincide with 
pc'riods of the pendulums and the strong motion lasted too short a time to enable an esti- 
mate of the earth’s motion to be made. There seems to have been a certain amount of 
separation of the north and east components of the waves, as the strong motion of each 
occurs when that of the other is much reduced. The regular waves do not appear very 
definitely. 


TRINIDAD, BRITISH WEST INDIES.' 

St. Clair Experiment Station of the Botanical Gardens. J. H. Hart, F. L. S., super- 
intendent. 

Lat. 10° 4(y N. ; long. 61° 30' W.; altitude, 20.5 meters; distance, 60.94° or 6,774 
km. ; chord, 6,460 km. ; direction, S. ^° E. 

Foundation, 2 meters of concrete laid on sands and clays. 

The instrument used was a Milne horizontal pendulum, east component ; photographic 
registration. T©, 18 seconds ; V,6.1; J, 490 meters ; angular displacement, 1 mm. = 0.5" ; 
M, 255 gm. ; L, 15.6 cm. 

Preliminary tremors, 11"'; regular waves, 42'”; nmximum, 53'"; amplitude, 10'". 
Interval for regular waves, 29.5 minutes. 

The record of the commencement is evidently erroneous. The time of arrival of the 
regular waves at 42"’ may be fairly correct. Duration 3.2 hours. 

APIA, SAMOA.’ 

Observatorium der Kgl. Gesellschaft der Wissenschaften in Gottingen. Dr. F. Linke, 
director. 

Lat. 13° 48' S. ; long. 171° 46' W. ; distance, 69.20° or 7,694 km.; chord, 7,235 km.; 
direction, S. 52° W. 

The instrument used was a Wiechert inverted pendulum (1,000 kg.), two horizontal 
components ; mechanical registration on smoked paper. 

First preliminary tremors, 23”* 22*; interval, lO"* 54*. 

Second preliminary tremors, 32’" 24*; interval, 19"' 56*. 

• The data were obtained from Circular 14 of the Seismological Committee of the B. A. A. S. 

* Information obtained from Wiechert and Zoeppritz, “ Ueber Erdbebenwellcu” ; Nach. Kgl. Gcsell 
Wissen. Gottingen, Math.-Phya. Ki., 1907. 
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MIZnSAWA, JAPAN.' 

Meteorological Observatory. 

Lat. 39® 08' N. ; long. 141° 07' E. ; distance, 70.46° or 7,834 kin.; chord, 7,349 kin.; 
direction, N. 55° W. 

The instrument used was an Omori horizontal pendulum ; mechanical registration on 
smoked paper. 

First preliminary tremors, 24” 07*; interval, 11” 39*. 

Second preliminary tremors, 33” 14* ; interval, 20” 46*. 

Apia has a Wiechert pendulum which magnifies more than the Omori at Mizusawa 
and therefore probably showed the movement more promptly. 

PONTA DELGADA, AZORES. 

Sorvi5o Meteorologico dos Azores. Major F. A. Chaves, director. 

Lat. 37° 44' N. ; long. 25° 41' W. ; altitude, 16 meters ; distance, 72.53° or 8,064 km. ; 

chord, 7,536 km. ; direction, N. 55° K. 

Foundation, basaltic rock in a volcanic region. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component ; photographic 
registration. V, 6.1 ; angular displaciiinent, 1 mm. = 0.49" ; M, 255 gm. ; L, 15.6 cm. 



Fliuvr PRELllflNART 
Themorr. 
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Max. 

Amplitcdr. 
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23.6 
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11.1 

3S.0 ? 




Duration, 3.5 hours. The second {ireliminary tn^mors are not distinguishable. There 
is a curious difference between the seismograms of I’onta Delgada and those of Paisley 
and Edinburgh, at practically the same distance from the origin. In the former, the first 
preliminary tremors are stronger and the beginning of the second preliminary tremors 
are not clearly differentiated ; in the two latter, the first preliminary tremors are very 
feeble but the second preliminary tremors begin sharply. 

PAISLEY, SCOTLAND. 

Coats Observatory. David Crilley, director. 

Lat. 55° 51' N. ; long. 4° 26' W. ; altitude, 32 meters; distance, 72.54° or 8,065 km. ; 
chord, 7,537 km. ; direction, N. 31° E. 

Foundation, boulder clay. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component ; photographic 
registration. To, 17 seconds; V, 6.1; J, 440 meters; angular displacement, 1 mm. = 
0.55"; M, 255 gm.; L, 15.6 cm. 
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Second Preliminary 
Tremors. 

Reoular 

Waves. 

Principal 

Part. 

Max. 

Amplitude. 


min . 
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17 + 
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Duration, 4.1 hours. The period of the long waves was from 25 to 30 seconds. 


‘Information obtained from ‘‘Preliminary Note on the Seismographic Observations of the San 
Francisco Earthquake/' by F. Omori, Bull. Imperial Earthquake Investigation Commission, vol.l. 
No. 1. 
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BERGEN, NORWAY.* 

Seismical Station of the Museum. Prof. Dr. Carl F. Kolderup, director. 

Lat. 60® 24' N.; long. 5® 18' E.; altitude, 20 meters; distance, 72.79® or 8,092 km.; 
chord, 7,560 km. ; direction, N. 24® E. 

The instruments used were Bosch-Omori horizontal pendulums, two components; 
mechanical registration on smoked paper; V, 15. 



First Prrlxminart 
Tremors. 

Second Preumimart 
Tremors. 

Principal 

Part. 

Max. 

Pbriod. 

Amplitude. 

(1) North component 

(2) East component . 

Average . . . 

Interval . . . 

m. s. 

22 46 

22 56 

m. s. 

32 09 

32 20 

m. s. 

5i 44 

m. s. 

54 45 

55 06 


mm. 

5.0 

50.0 

22 51 

10 23 

32 15 

19 47 

51 44 

39 16 

54 55 
42 27 


The great difference between the maximum amplitudes is probably due to differences 
in the periods of the two pendulums. 


EDINBURGH, SCOTLAND. 

Royal Observatory. Thomas Heath, director. 

Lat. 55® 55.5' N. ; long. 3® 11' W.; altitude, 131.5 meters; distance, 72.99® or 8,115 
km. ; chord, 7,578 km. ; direction, N. 31® E. 

Foundation, Devonian lava. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component. Tq, 17 
seconds; V, 6.1; J, 440 meters; e, 1.11; angular displacement, 1 mm. = 0.54"; Af, 
255 gm. ; L, 15.6 cm. 



First Preliminary 
Tremors. 

Second Preliminary 
Tremors. 

Regular 

Waves. 

Principal 

Part. 

Max. 

Amplitude. 


mtn. 

min. 

min. 

min. 

mtn. 

mm. 

East component . 

23.5 

33.0 



54.2 to 66.7 

17 + 

Interval . . 

11.0 

20.5 

35.5 

39.5 




Duration, 3.7 hours. 

TOKYO, JAPAN. 

Tokyo Imperial University. Prof. F. Omori, D. Sc., director. 

Lat. 35® 42.5' N. ; long. 139° 46' E. ; distance, 73.92° or 8,217 km. ; chord, 7,660 km. ; 

direction, N. 57® W. 

Seismograms, sheet No. 11. 

The instrument used was an Omori horizontal pendulum, east component ; mechanical 
registration on smoked paper. Tq, 41.5 seconds; F, 30; J, 1,290 meters; M, 16.5 kg. ; 
L, 75 cm. 



(a) First Prelim- 
inary Tremors. 

(6) Second Prelim- 
inary Tremors. 

Regular 

Waves. 

(d) Principal 
Part. 

Max. 

Amplitude. 


ni. s. 


m. s. 

m. s. 

m. «. m. s. 

mm. 

!East component 
Interval . . 

24 35 

12 07 


46 20 
33 52 

50 15 

37 47 

46 45 to 48 10 

93 + 


The information was obtained from ** Registrierungen an der seismischen Station in Bergen in 
Jahre 1906,” by Carl F. Kolderup. Bergens Museum Aarbog, 1907, 2 Hefte. A mechanical repro- 
duction of the seismogram there is given. 
































OBSERVATORIES AND THE DATA OBTAINED, 


75 


At 15** 31“, (f), vibrations propagated along major arc, according to Professor Omori. 
The large amplitudes shown, both at the beginning of the second preliminary tremors 
and in the long waves are due to approximate synchronism of periods of the waves and 
the pendulum. 

BIDSTON, ENOLAHD. 

Liverpool Observatory. W. E. Plummer, director. 

Lat. 53® 24' N. ; long. 3° 04' W, ; altitude, 54 meters ; distance, 74.81® or 8,317 km. ; 
chord, 7,739 km. ; direction, N. 33® E. 

Foundation, sandstone. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, cast component ; photographic 
registration. T,, 18.7 seconds ; F, 6.1 ; J, 530 meters ; c, 1.057 ; M, 255 gm. ; L, 15.6 cm. 



First 

pRRMMlNART 

Trrmorr. 

Second 

Preliminary 

Tremors. 

Reoular 

Waves. 

Principal 

Part. 

Max. 

Amplitude. 


min. 

min. 

min. 

min. 

min . 

mm. 

East component 

24.3 

34.0 

48.2 

51.6 

54.3, 56.3 to 58.2 

17 + 

Interval 

11.8 

21.5 

1 

35.7 

39.1 




Duration, 4.1 hours. The regular waves can be recognized by their greater period, 
which amounts to 24 seconds against 19 seconds during the principal part ; this b^omes 
still shorter during the strongest part of the disturbance. A comparison with the seis- 
mograms of Edinburgh, Paisley, and Kew also help to identify this phase, tho there is 
not so marked a change in amplitude at its beginning as in the other seismograms men- 
tioned. 

DPSALA, SWEDEN. 

Meteorological Observatory of the University. Prof. Dr, H. H. Hildebrandsson, 
director. 

Lat. 59® 51.5' N. ; long. 17® 37.5' E.; altitude, 16 meters; distance, 76.80® or 8,538 
km. ; chord, 7,914 km. ; direction, N. 19® E. 

Seismograms, sheet No. 9. 

The instrument used was a Wiechert inverted pendulum, two horizontal components ; 
mechanical registration on smoked paper. 

(1) North component : Tq? seconds ; V, 230 ; J, 2,650 meters ; e, 3 ; M, 1,000 kg. ; 
L', 11.5 meters; L, 1 meter. 

(2) East component : T^, 5.3 seconds; V, 270; J, 1,900 meters : c, 3; Af, 1,000 kg.; 
U, 11.5 meters; L, 1 meter. 



First 

Preliminary 

Tremors. 

Second 

Preliminary 

Tremors. 

Regular 

Waves. 

PRXNaPAL 

Part. 

Max. 

Amplitude. 

Period. 


m. 

«. 

m. 

«. 

m. 

s. 

m. 


m. 

«. 

mm. 

tee . 









f 

55 

00 

46 


(1) North component 

24 

51 

34 

43 

50 

20 

54 

05 

50 

15 

50 










1 

02 

45 

57 

15 

(2) East component 

24 

51 

34 

45 



52 

00 to 55 

54 

00 

15 


Average . . . 

24 

51 

34 

44 

50 

20 

53 

02? 





Interval . . . 

12 

23 

22 

16 

37 

52 

40 

34? 






Duration, 3 hours. The first and second preliminary tremors are especially well de- 
fined. The amplitudes of the long waves are about equal on the north and on the east 
components ; what appears to be the principal part on the cast corresponds to dying down 
of r^ular waves on north. It is curious that the strongest motion of east occurs when 
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north is weak, and the first strong maximum, at 55" of north, is at the weakest part of 
east. The other north maxima do not correspond to any reinforcement of the east 
component. The largest earth-amplitude occurred between 13** 50“ and 52“ and 
amounted, on the north component, to 3.6 mm. ; on the east component, to 3.76 mm. At 
the maximum displacenient of the north needle (14** 02“ 45*) the earth-amplitude was 
only 1.2 mm. and at the maximum displacement of the east needle (13'* 54“) the earth- 
amplitude was 1.9 mm.; a half minute earlier the north earth-amplitude was 2.8 mm. 

SHEDE, ISLE OF WIGHT, ENGLAND. 

Prof. John Milne, F. R. S., director. 

Lat. 50° 41' N. ; long. 1° 17' W. ; altitude, 15 meters ; distance, 77.08° or 8,569 km. ; 
chord, 7,938 km. ; direction, N. 34° E. 

Foundation, disintegrated chalk over solid chalk. 

The instruments used were : 

(1) Milne horizontal pendulum, east component. Time scale, 1 mm. to 1 minute. 
Tg, 20 seconds; V, 6.1; J, 600 meters; M, 255 gm. ; angular displacement, 1 mm. = 
0.36"; L, 15.6 cm. 

(2) Milne Horizontal Pendulum, east component; time scale, 4.25 mm. to 1 minute. 
Seismograms, sheet No. 12. V, 6.1 ; M, 255 gm. ; L, 15.6 cm. 

Heavy horizontal pendulums, supported by an iron post more than 2 meters high. 
Seismograms, sheet No. 7. 

(3) North component: V, 25.4; e, 1.24; r, 0.2 mm.; M, 45 kg.; L, 1.030 meters. 

(4) East component: V, 8.3; c, 1.51; r, 0.0; M, 45 kg.; L, 1.030 meters. 



Firht 

Preliminary 

Thumorh. 

Second 

Preliminary 

Tremors. 

Ukuular 

Waves. 

Principal 

Part. 

Max. 

Amplitude. 


mtn. 

mtn. 

min. 

mtn. 

min. 

mm. 

(1) East component 

23.7 




58.2 

17 + 

(2) East component 

24.1 

34.2 

49.7 

.50.6 ^ 

57.1 

01.8 

16 

20 

(3) North component 

25.0 

. . * 

51.4 

58.0 to 01.5 

70 + 

(4) East component 



50.7 


54 

17 + 


m. 8. 

m. 8 . 

m. 8 . 




Average . . . 

24 Iti 

34 12 

50 36 




Interval . . . 

11 48 

21 44 

38 08 





Duration (1) 4.4 hours; (2) 4.8 hours. The large amplitudes are probably due to 
coincidence of periods ; they occur at different times for the different pendulums. 


OSAKA, JAPAN. 

Meteorological Observatory. N. Shimono, director. 

Lat. 34° 42' N. ; long. 135° 31' E. ; distance, 77.30° or 8,594 km. ; chord, 7,957 km. ; 

direction, N. 56° W. 

Seismograms, sheet No. 15. 

The instrument used was an Omori horizontal pendulum, cast component; mechanical 
registration on smoked paper. 27 seconds; F, 20; y, 3,600 meters. 



(a) First Prelimi- 
nary Tremors. 

(6) Second Prelimi- 
nary Tremors. 

(d) Regular 
Waves. 

Max. 




m. 8. 

m. s. 

m. 8. 

m. 8. 

mm. 

8«e. 

East component 

24 24 

34 13 

47 56 1 

50 10 
50 03 

44 

31 

25 

Interval . . 

11 56 

21 45 

35 28 ' 
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Duration, 3.1 hours. The period during the strong motion is closely that of the pendu- 
lum and in the absence of strong damping and exactt knowledge of the damping ratio, 
the movement of the earth can not Ixi estimated. The letters on the seismogram refer 
to the following times: a, 13** 24*“ 24*; b, 34*“ 13*; c, 42“* 26'; d, 47"* 56* ; e, 63*" 51*; 
/, 14** 10*“ 22*; g, 25*” 43*; h, 15** 01"* 46*; i, 40"* 11*; ;, 16** 33"* 08*. 

KOBE, JAPAN. 

Meteorological Observatory. C. Nakagawa, director. 

Lat. 34® 41' N. ; long. 136® 10' E.; altitude, 53.3 metetrs; distance, 77.54® or 8,619 
km. ; chord, 7,976 km. ; direction, N. 55® W. 

Foundation, Paleozoic rocks. 

Seismograms, sheet No. 5. 

The instrument us«l was an Omori horizontal pendulum, north component ; mechanical 
registration on smoked paper. To, 35 seconds ; V, 10 ; .7, 3,000 meters ; M, 5 kg. ; L, 
75 cm. 



(a) Firht Prelimi- 
nary Tremors. 

(6) Second Prelimi- 
nary Tremohh. 

Rf.ISM.AK 

Waves. 

Max. 

j 

Amplitude. | Period. 


m. N. 

m. N. 

m. B. 

- 

1 m. B. 

mm. ! Nff. 

North component . 

24 23 

34 11) 

50 20 

\ 52 56 

15 i 23 

Interval . . 

11 55 

21 51 

37 52 

1 

1 

1 


Duration, 3 hours. Altho th(! long wavtis appear quite definitely to begin at (c), the 
time seems somewhat late. There are two well-marked but separated waves in this part 
of the motion with a pc'riod of 31 S(!conds and a very large amplitude, possibly in part 
due to harmony of periods. The amplitude of the earth during the principal part can not 
l)(i determined as the motion lasted only a short tiiiK' and tin; damping is small. 

The letters on the seismogram refer to the following times : a, 13** 24*" 23’ ; h, 34*" 19" ; 
c, 45*" 31*; d, 53*" 39"; e, 59"* 55*; /, 14** Of}"* 06*; g, 12“ 32’; h, 22“ 29*; i, 57“ 35’; 
j, 16** 26“ 13’. 

KEW, ENGLAND. 

National Physic, al Laboratory. Dr. Charles Chree, in charge* of seismograph. 

Lat. 51® 28' N.; long. 0® 19' W. ; altitude, 6 meters; distance, 77.63® or 8,630 km.; 
(ihord, 7,986 km. ; direction, N. 32° E. 

Foundation, deep alluvial gravel ; Mesozoic limestone 1,150 feet below the surface?. 

Seismograms, sheet No. 1. 

The instrument used was a Milne? horizontal pemdulum, east comj)onent; photographic 
re?gi.stration. Tg, 18 to 19 .se?conds ; V, 6.1 ; J, 520 meters ; e, 1.114 ; r, 0.0 mm. ; angular 
displacement, 1 mm. = 0.55"; M, 255 gm.; L, 15.6 cm. 



Firht Preliminary 

Second Preliminary 

Kkoular 

Max. 

Amplitude 


Tremorh. 

Tremorh. 

Waves. 


mtn. 

min. 

mtn. 

mtn. 

mm. 

East component . . 

25.7 

34.0 

50.0 

57.0 to 02.0 

17 + 

Interval . . . 

13.2 

21.5 

37.5 




Duration, 3.8 hours. The time? of the first pre?liminary tremors has not be*en use?d in 
the determination of velocity of propagation ; it is fully a minute later than at all otht?r 
stations which do not differ considerably from Kew in distance from the focus ; and the 
beginning of the movement on the seismogram is teK) indefinite to permit a satisfactory 
determination of its time. 
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HAMBURG, GERMANY. 

Hauptstation fiir Erdbebenforschung. Dr. R. Schiitt, director. 

Lat. 63* 34' N. ; long. 9® 59' E. ; altitude, 16.2 meters; distance, 79.74® or 8,866 km. ; 
chord, 8,167 km . ; direction, N. 26® E. 

The instruments used were Rebeur-Paschwitz horizontal pendulums, modified by Dr. 
Hecker, two components ; photographic registration. 



First Prelhiinary 
Tremors. 

Second Preliminary 
Tremors. 

Regular 

Waves. 

Principal 

Part. 


m. •. 

m. a. 

m. a. 

m. a. 

North component 


34 42 

• • ■ • 

51 57 

East component . . 

24 32 

34 57 

44 32 

51 34 

Average . . . 

24 32 

34 50 

44 32 

51 45 

Interval . . . 

12 04 

22 22 

32 04 

39 17 


nCCLE, BELGIUM. 

Observatoire Royale de Belgique. M. G. Lecointe, director. 

Lat. 50® 48' N. ; long. 4® 22' E. ; altitude, 100 meters ; distance, 79.80® or 8,872 km. ; 

chord, 8,173 km. ; direction, N. 31® E. 

Foundation, coarse Tertiary limestone. 

Seismograms, sheet No. 2 a. 

The instrument used was an Ehlert triple pendulum, photographic registration. 

(1) N. 60® E. component: T^, 11.25 seconds; V, 160; J, 5,100 meters; e, 1.003; 
r, 0.0 mm. ; M, 185 gm. ; L, 10.08 cm. 

(2.) N. 60° W. component: T^, 10.53 seconds; V, 160; J, 4,400 meters; e, 1.004; 
r, 6.0 mm ; M, 185 gm. ; L, 10.08 cm. 

(3) North component : Tq, 11.15 seconds; F, 160; J, 5,100 meters; e, 1.004; r, 0.0 
mm. ; M, 185 gm. ; L, 10.08 cm. 



First Preliminary 
Tremors. 

Regular 

Waves. 


m. a. 

m. a. 

(1) N. 60® E. component . . 

24 27 

34 57 

(2) N. 60® W. component . . 

24 27 

34 57 

(3) North component . . . 

24 27 

34 57 

Average 

24 27 

34 57 

Interval 

11 59 

22 29 


All three pendulums suffered permanent displacements during the disturbance. 

JURJEW, RUSSIA. 

Astronomical Observatory of the University. Prof. Dr. G. Lewitsky, director; Dr. A. 
Orloff, assistant. 

Lat. 58® 23' N. ; long. 26® 43' E. ; altitude, 48.5 meters ; distance, 80.27® or 8,924 
km. ; chord, 8,212 km. ; direction, N. 16® E. 

Foundation, fine sand. 

Seismograms, sheet No. 10. 

The instruments used were Zollner-Repsold horizontal pendulums, two components; 
photographic registration. 

(1) North component: To, 31.53 seconds; F, 64.5; J, 15,000 meters; £,1.004; r, 0.0 
mm. ; Af, 50 gm. ; L, 13.3 cm. 
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(2) East component: Ta, 28.22 seconds; V, 64.9; J, 13,000 meters; e, 1.005; r, 0.0 
mm. ; M, 50 gm. ; L, 13.3 cm. 



Fibst Pbkliminaby 
Tbbmobb. 

Second Pbeuminabt 
Tbbmobb. 


m. «. 

m. «. 

(1) North component . . 

24 45 

34 43 

(2) East component . . . 

24 41 

34 40 

Average 

24 43 

34 46 

Interval 

12 15 

22 18 


The seismograms are carefully drawn from the original, parts of which were so faint, 
on account of the rapid movement, that they could not be reproduced. (The correction 
to G. M. T. should be +43 seconds and not —43 seconds, as marked on the seismo- 
grams.) The north component begins in the middle of the sheet at the bottom of the 
seismogram ; it had an amplitude of 15 mm. when the sheet was put on. This move- 
ment gradually died down, but the pendulum was not perfectly still when the earthquake 
arrived 3*' 10" later. The first preliminary tremors have a small amplitude, about 1 mm., 
and a period the same as the period of the pendulum, showing an extremely small dis- 
turbance. The second preliminary tremors have an increasing amplitude from about 
10 mm. to 20 mm. ; at 13“ 50" 45* the motion becomes so large and the photographic 
record so faint that it can not be copied ; a few turning points are shown in the lower 
part of the plate ; this continues for the rest of this line. The record is again picked up 
at the beginning of the next line at about 14“. The center of the record is shown by the 
single line on the left of the plate. The movement gradually dies down, but still has an 
amplitude of 20 mm. two hours later. The east component begins in the middle of the 
sheet; it has small oscillations which entirely die out before the preliminary tremors 
arrive. The first preliminary tremors and second preliminary tremors begin at the 
same time as those of the north component, but they have larger amplitudes, the first 
attaining an amplitude of 7 mm. ; and the second, beginning with nearly 50 mm., attain 
120 mm. by 13“ 48", and a few minutes later (13“ 53” 45*) are lost. They are picked up 
again 8 minutes later, and about 14“ 25" drop to an amplitude of about 40 mm. ; they 
then gradually die out more irregularly than the other component. The very large am- 
plitudes are due to synchronism of the periods of the waves and the pendulums. 

IRKUTSK, SIBERIA. 

Meteorological and Magnetic Observatory. M. A. Voznesenskij, director. 

Lat. 52° 16' N. ; long. 57“ 14' E. ; altitude, 470 meters ; distance, 80.82“ or 8,986 km. ; 
chord, 8,259 km. ; direction, N. 27“ W. 

Foundation, hard Jurassic clay. 

The instruments used were : 

Repsold-Zollner horizontal pendulums, two components; photographic registration. 
Seismograms, sheet No. 2 a. 

(1) North component : To. 35 seconds ; 7,57.5; /, 17,500 meters; angular displace- 
ment, 1 nun, = 0.011"; Af, 30 gm.; L, 14 cm. 

(2) East component: To, 25.5 seconds; V, 57.5; J, 9,300 meters; angular displace- 
ment, 1 mm. = 0.021"; M, 30 gm.; L, 14 cm. 

Bosch-Omori horizontal pendulums, two components; mechanical registration on 
smoked paper. Seismograms, sheet No. 13. 

(3) North and (4) East components: To, 24 seconds; V, 10 (?) ; J, 1,430 meters (?); 
M, 11 kg. (?); L, 75 cm. (?). 
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(5) Milne horizontal pendulum, east component, photographic registration. Seismo- 
grams, sheet No. 2. T^, 20.5 seconds; F, 6.1; J, 700 meters; M, 255 gm. ; L, 15.6 cm. 



First Preliminary 
Tremors. 

Second Preliminary 
Tremors. 

Reuular 

Waves. 

Max. 

Amplitude. 

Period. 


min . 

min . 

min . 

min . 

mm . 

• ec . 

(1) North component . 

24.f> 

34.3 


54.6 

165 


(2) East component . 

24.7 

34.4 


58.7 

87.6 


(3) North component . 

24.7 

35.0 


02.7 

4.0 

24 

(4) East component . 

24.6 

34.5 


01.0 

6.0 


(5) East component . 

24.4 

.34.3 

_ •'51^ __ 

05.3 

17 + 


m. «. 

m. «. 





Average .... 

24 36 

34 50 

51.3 




Interval .... 

12 08 

22 22 

38.8 





Duration, (1) and (2), 6.5 hours; (3) 2.5; (4) 2.7; (5) 4.6. 

On the Zollner-Repsold records there is no clear evidence of long waves. The strong 
motion scioms to have been stronger and to have lasted longer on the east component ; it 
also began nearly two minutes earlier; but the north component shows a marked move- 
ment between 16“ and 18“ wliich is lacking in the east movement. 

It is interesting to compare the records from the similar instruments at Jurjew and 
Irkutsk, which are practically th(! same distance from the centrum. We find certain 
differences; at Jurjew the north component is apparently the stronger and holds its 
strong motion longer, but comes to rest sooner than the ea.st component ; after about 15“ 
it seems to be dying down with very slight irregularities ; whereas the east component 
experiences distinct disturbances up to 17“ 30“. We could give almost the same 
description of the movement at Irkutsk if we int(irchanged components. This is curious, 
as the disturbance approaches the two stations in directions making about the same angle 
with the meridian. It is unfortunate that the instruments have so little damping that 
their jwoper motions pcirsist for a long time and intiirfere with a better interpretation of 
the scasmograms. For instance, it is imi>ossiblo to say whether the prolonged strong 
motion of the north component at Jurjew is due to a contimuHl strong disturbance or to 
the projwr motion of th(? pendulum. The east component may have felt just as strong 
and long a disturbance but its large displacement may have been check(jd by it. Wd do 
not find this diffcnaice between the components of the strongly damped pendulum at 
(lottingen, which is but slightly further from the centrum. 

Th(! ptiriods of the movement at Irkutsk are decidedly larger than at Jurjew; at the 
latter, during the first and second preliminary tremors the periods are alK)ut 30 seconds, 
very near the natural periods of the pendulums; at Irkutsk they are about 37 seconds 
and 50 seconds for the east and north componemts, res[)ectively, in comparison with the 
natural periods of th(? i)endulums of 25 and 35 seconds. During the large motion the 
east component did not riic-ord, and tins north component is too irregular to determine a 
period, but both indicate comparatively large displacements of the ground. 

The maximum displacements of the Bosch-Omori jamdulums at Irkutsk seem entirely 
du(! to synchronism of periods and indicate a comparatively small earth amplitude, just 
the opposite of the indications of the Repsold-Zollner pendulums. The beginning of the 
long waves is not apparent on the Zullner instruments unless we take it at the beginning 
of the strong motion, but appears pretty well on the Bosch-Omori records, and the period 
is about 1 minute. 

The times of arrival at Jurjew and Irkutsk are practically the same, indicating uniform 
velocities along the two paths followed. 
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POTSDAM, OERMAIIY. 

Kgl. Preuszischcs Geod&tisches Institut. Prof. Dr. 0. Hecker, in charge of seismo- 
graphs. 

Lat. 52° 53' N.; long. 13° 04' E.; altitude, 90 meters; distance, 81.35° or 9,042 km.; 

chord, 8,303 km. ; direction, N. 25° E. 

Foundation, sand. 

The instruments used were: 

Rcbeur-Paschwitz pendulums, photographic registration. Seismograms, sheet No. 4. 
(1) North and (2) East components : T^, 18 seconds; V, 36; J, 2,900 meters; <,2.5; 
Af, 70 gm. ; L, 9 cm. (?). 

Wiechert inverted pendulum, two components; mechanical registration on smoked 
paper. Seismograms, sheet No. 5. 

(3) North component: 14 seconds ; V, 133 ; J, 6,500 meters ; c 5 ; ilf , 1,000 kg. ; 

L', 49 meters. 

(4) East component ; 14 seconds ; F, 130 ; J, 6,350 meters ; €, 5 ; JIf , 1,000 kg. ; L', 

49 meters. 



Firbt 

PUELIMINARY 

Tremurb. 

Second 

Pr EM If IN ARY 
Tremors. 

RliOULAH 

Waves. 

Principal 

Part. 

Max. 

Amplitude. 

Period. 


m. M. 

min. 

min. 

m. a. 

m. «. 

mm. 

aee. 

(1) North component 

24 50 

35.6 

52.3 

• • • • 

• • » ft 



(2) East component 


. . 

52.0 

. . 

. . . . 

60 

23 

(o) North component 

24 50 

m. a. 

35 27 

m. a. 

51 18 

54 50 

56 40 

85 + 

28 

(4) East component 

24 51 

35 05 

51 40 

54 50 

56 07 

80 4- 

28 

Average . . . 

Interval . . . 

'24 50 

12 22 

35 23 

22 55 

51 49 

39 21 

54 50 
42 22 


L. 



Duration, 6 hours. 

On account of the ov(‘rlai)ping of the records on the seismogram of the East component 
of the Rebeur-Paschwitz instrument the beginning of the first two phases can not be made 
out. There was a shifting of the median lines at about 14**, after which it exactly overlay 
the earli(‘r line. The (•oi>yist has made the terminal part of the curve pass into the earlier 
part at about 15** 33*“ (13** 34"* ). The maximum amplitudes of the earth, as shown 
by the various instruments, approach the following values, tho the movements were not 
sufficiently regular to make the measures exact. (1) 1.7 mm.; (3) 2.7 mm.; (4) 2.2 mm. 
These maximums all occurred between 13** 56"* and 13** 57"*. The recording point 
passed its limits and C(*ased to record on (4) at the time when the amplitude was measured. 
(3) indicates an earth-amplitude of 3.65 mm. at 13** 53"*, during the long waves; the east 
component at that time is not sufficiently regular to yield a measure, but the total value 
must be grc'ater than 4. 

GOTTINGEN, GERllANY. 

Giiophysikalisclies Institut dor Universitat. Prof. Dr. E. Wiechert, director. 

Lat. 51°33'N. ; long. 9° 58' E.; altitude, 270 meters; distance, 81.36° or 9,046 km.; 
chord, 8,301 km. ; direction, N. 28° E. 

Seismograms, sheet No. 12. 

The instruments used, all having mechanical registration on smoked paper, were : 

(1) Wiechert inverted pendulum, north component : To, 1.48 seconds; L', 0.543 meter; 
V, 2,100; J, 1,140 meters; c, 8.0; r, 0.3 mni.; M, 17,000 kg. 

Wiechert inverted pendulum, two components : 
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(2) North component : 14.07 seconds; V, 152; 7,500 meters; e, 3.9; r, 1.5 mm.; 

M, 1,200 kg. ; £/, 49 meters. 

(3) East component: 7*0, 12.6 seconds; V, 172; J, 6,700 meters; e, 3.4; r, 0.9 mm.; 
M. 1,200 kg; U, 39.7 meters. 

(4) li^echert Vertical Motion Seismograph. T^, 4.8 seconds; V, 170; J, 970 meters; 
e, 2.8; r, 0.1 mm.; M, 1,300 kg; U, 5.7 meters. 



First 

Prblimxnary 

Trbiiobb. 

Second 

Preliminary 

Tremors. 

Rboular 

Waves. 

Principal 

Part. 

Max. 

Ampli- 

tude. 

Period. 


m. 

«. 

m. 

«. 

m. 

s. 

m. 

s. mtn. 

m. 

.. 

fnfUm 

see. 

(1) North component . 

24 

55 

35 

15 

51 

10 

57 

55 to 07.0 

59 

PTil 

18 

20 

(2i North component . 

24 

44 

34 

52 

51 

, , 

56 

00 to 06.0 

, , 

, , 

48+ 

17 

(3) East component . . 

24 

46 

34 

46 

51 

, , 

55 

54 to 10.0 

. , 

, , 


17 

(4) Vertical component . 

24 

31 

35 

31 

51 

10 



Ea 

15 

15 

16 

Average . . ... 

24 

44 

35 

Em 

51 

05 

56 

36 





Interval .... 

12 

16 

22 

38 

38 

37 

44 







During the long waves, at 13** 54-54.5“, we find the following earth-amplitudes indi- 
cated : (1) North, 0.8 mm. ; (2) North, 0.97mm. ; (3) East, 1.31 mm. ; (4) Vertical, 1.64 mm. 
at 13'‘ 52-53“ ; probably the total would be about 2 mm. During the principal part : 
(1) North, 1.5 mm. at 13** 59“ 20*; (2) North, 0.53 mm. ; (3) East, 0.52 mm. ; (4) Vertical, 
0.7 mm., at 14" 06.5“. (2) and (3) give too small values for the pendulum struck against 
the stops during the large part of the principal part. It is to be noticed, however, that 
(1) gives a larger and (4) a smaller amplitude than during the long waves. Probably 
the maximum during the principal part was a little greater than 2 mm. 

COIMBRA, PORTUGAL. 

Observatorio Magnetico-Meteorologico. Prof. A. S. Viegas, director. 

Lat. 40® 12' N. ; long. 8° 25' W. ; altitude, 140.3 meters ; distance, 81.39® or 9,049 km. ; 
chord, 8,307 km. ; direction, N. 45® E. 

Foundation, Triassic sandstone. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component; photo- 
graphic registration; V, 6.1; M, 255 gm. 



First Preliminary 
Tremors. 

Second Preliminary 
Tremors. 

Regular 

Waves. 

Max. 

Amplitude. 


min . 

min. 

min. 

m. s. 

mm. 

East component . . 

25.4 

35.0 

50.5 

55 58 

16 

Interval . . . 

12.9 

22.5 

38.0 




Duration, 3 hours. During the strong motion the period of the waves was about 24 
seconds ; the proper period of the pendulum is not known and the actual magnification 
can not be determined. 

LEIPZIG, GERMANY. 

Kgl. Geologisches Bureau. Prof. Dr. Hermann Credner, director; Dr. F. Etzwold, 
assistant. 

Lat. 51® 20' N.; long. 12® 23.5' E.; distance, 82.40® or 9,161 km.; chord, 8,392 km.; 
direction, N. 26® E. 

Foundation, alluvium and sands. 

The instrument used was a Wiechert inverted pendulum, two components ; mechanical 
registration on smoked paper. 
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(1) North component: T^, 8.5 seconds; V, 220.6; J, 4,000 meters; e, 3.05; M, 1,100 
kg. ; U, 18.1 meters. 

(2) East component: T^, 8.5 seconds; V, 241; J, 4,350 meters; e, 2.4; M, 1,100 kg.; 
U, 18.1 meters. 



First 

Prblimxnart 

Trbiiorb. 

SacOND 

Prblxmx- 

NART 

Tremors. 

REOUXjAR 

Waves. 

Princxpax. 

Part. 

Max. 

Ampli- 

tude. 

Period. 

Earth's 

Ampli- 

tude. 


m. «. 

m. «. 

m. «. 

mtn. 

min. 

mm. 

t«e. 

mm. 

(1) North component 

24 50 

35 39 

51 09 

56.0 to 06.3 

5 57.8 
}05.9 

24 

34 

21 

17 

0.59 

0.51 

(2) East component 

24 50 

35 39 

51 34 

55.0 to 06.5 

m. «. 

S55 41 
}57 28 

64 + 
64 + 

26 

22 

1.81 + 
1.55 + 

Average . . . 

Interval . . . 

J 

24 50 

12 22 

35 39 
23 11 

51 21 
38 53 

m. «. 

55 30 

43 02 






Duration, 4.4 hours. At 13*' 54"* the long waves of north component had a period of 
about 40 seconds and an amplitude of 10 mm. This gives an amplitude on the north 
component of the earth-inovemout of about 1 mm. ; at the same time the cast component 
indicates an earth-amplitude of 1.2 mm., and the total may be 1.5 mm. At 13" 55'" 
41*, the east earth-amplitude is 1.81 mm. and the combined amplitude is 2.17 mm. At 
13" 57.5"' the north earth coni|)onent is 0.58 and east component 1.55; total 1.65 mm. 
These amplitudes are not entirely trustworthy, because at times the instrument reached 
its limit and the motion was not very regular. At Plaucn, a substation of Leipzig, and 
90 km. to the south, the record resembled that at Leipzig. 

The seismogram from Leipzig is reproduced in “Siebenter Bericht der Erdbebenstation 
Leipzig” (Ber. der Math. Phys. Kl. d. Kon. S&chsischen Gcsells. d. Wissens. zu Leipzig. 
Bd. LIX, January 14, 1907). A copy of this was forwarded by Dr. Credner, but the seismo- 
gram was overlooked, and therefore is not reproduced in the atlas. 

JENA, GERMANY. 

Sternwarte. Prof. Dr. Rudolph Straubel, director; Dr. Eppenstein, assistant. 

Lat. 50° 56' N. ; long. 11° 35' E. ; altitude, 155 meters; distance, 82.45° or 9,167 km. ; 
chord, 8,396 km. ; direction, N. 27° E. 

Foundation, in the valley of the Saale River, on 4 to 5 meters of weathered sandstone, 
underlain by the Bunt sandstone. 

Seismograms, sheet No. 11. 

The instrument used was a Wiechert inverted pendulum, two components ; mechanical 
registration on smoked paper. 

(1) North component : Toj 11-6 seconds; F, 160; J, 5,300 meters; e, 5. 0; Af, 1,200 kg.; 
U, 33.6 meters. 

(2) East component: To, 11.6 seconds; F, 180; J, 6,000; e, 5.0; M, 1,200 kg.; 
U, 33.6 meters. 



First Preliminary 
Tremors. 

Second Prelimi- 
nary Tremors. 

Rboular 

Waves. 

Principal 

Part. 

Max. 

Ampli- 

tude. 

(1) North component 

(2) East component 

Average . . . 
Interval . . . 

m. s. 

24 34 

24 34 

m. s. 

35 09 

35 09 

min, 

51.2 

51.2 

mtn. 

56.5 to 07.5 
56.8 

mtn. 

55.0 to 59.0 

58.0 to 00. 

mm. 

80 + 

24 34 

12 06 

35 09 

22 41 

m. • 

51 12 
38 44 

m. s. 

56 39 

44 11 
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Duration, 5.6 hours. From 54 to 56*", during the long waves the earth’s amplitudes 
were the largest, being 2.6 mm. for the north and 1.9 mm. for the east component, a 
possible total of 3.2 mm. At about 59”* the indicated earth’s amplitudes are 2.0 mm. 
and 1.5 mm. for north and east components, respectively, and with a possible total of 
2.5 mm. ; but this is undoubtedly too small, as the instruments reached the stops. 

STRASSBUR6, GERMANY. 

Kais. Hauptstation fiir Erdbebcnforschung. Prof. Dr. G. Gerland, director; Dr. E. 
Rudolph, assistant. 

Lat. 48® 35' N. ; long. 7® 46' E. ; altitude, 135 meters ; distance, 82.91® or 9,218 kin. ; 
chord, 8,434 km. ; direction, N. 30° E. 

Foundation, compact alluvial gravel. 

Seismograms, sheet No. 14. 

The instruments used were: 

Rcbeur-Ehlert triple pendulums. No. 2, two components; photographic registration.’ 

(1) N. 30® E. component; (2) E. component; T^, 10 seconds; V, 45; J, 1,120 meters. 

(3) Omori horizontal pendulum, east component. 

Vicentini microseismograph, three components; mechanical registration on smoked 
paper. 

(4) North and (5) east components. (6) Vertical compoiKmt ; V, 85 ; no damping and 
very slight friction. 

(7) Schmidt trifilargravimeter. 



First 

Second 

Akoular 

Waves. 

Princi- 




Kartm’b 


Preliminart 

Tremors. 

Preliminary 

Tremors. 

i*al 

Part. 

Max. 

Ampli- 

tude. 

Period. 

Ampli- 

tude. 


m. «. 

m. f. 

min . 

min . 

m. 8 . 

mm . 

8 ec . 

mm . 

(1) N.30®E. component 

24 52 

35 18 

51.2? 

58.0 

02 30 

16.5 

16 

0.59 

(2) East component 

25 06 

35 28 

m , 8 . 

40 Ui 


01 19 

7.0 

20 

0.47 

(3) East component 

24 51 

35 17 

46 36 


07 27 

4.4 

12 


(4) North component . 

. • . . 

. . . . 

48 


01 25 

2.0 

22 


^5) East component 

24 53 

35 18 

46 05 


02 35 

2.0 

18 


(6) Vertical compent , 

25 12 

. . . • 

52 


05 20 

0.3 

14 


(7) Vertical component 
Average .... 
Interval .... 

24 43 

24 57 

12 29 

1 

35 20 

22 52 

50 31 


02 31 

1.3 

16 



Duration, Rebeur, 2.5 to 3.5 hours ; Omori, Vicentini, Schmidt, 1 to 2 hoiii-s. 'i’he 
possible maximum earth-amplitude is about 0.75 mm., acitordmg to the record of the 
Rebeur-Ehlert instrument. 

The times, amplitudes, and periods are taken from the“WochentlichesErdbebenbericht 
der Kais. Hauptstation fiir Erdbcbenforschung zur Strassburg,” with the exception of 
the long waves, principal part and maximum of (1 ), which were obtained from the seismo- 
gram. It is evident that the various times under regular waves do not refer to the 
same phase. 

MOSCOW, RUSSIA. 

Imperial University. Dr. Ernest Leyst, in charge of seismographs. 

Lat. 55® 45' N.; long. 37® 34' E.; distance, 84.72® or 9,419 km.; chord, 8,584 km.; 
direction, N. 11° E. 

Foundation, sand. 

’ The constants of these instruments are taken from the text aceompanyini; “ Scismogramtne de 
nordpazifischen und sudamcrikanischen Erdbebens am 10 August, 1900,” a publication of the Inter- 
national Seismologica] Association. They probably also apply to April 18, 1900. 
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The instruments used were Bosch-Omori horizontal pendulums, two components; 
mechanical registration on smoked paper. 

(1) North and (2) cast components : T^, 60 seconds ; M, 10 kg. ; L, 75 cm.‘ 



First Pmklimxnart 
Trrmorb. 

Principal 

Part. 

Max. 

Amplitude. 


min . 

m»n. 

min . 

mm . 


28 

57 to 12 


150 + * 

(2) East component . 

51 

54 to 04 

57 to 03 

H&ifiHii 


MUNICH, GERMANY. 

Kgl. Observatorium fur Erdmagnetismus und Erdbebenstation. Dr. J. B. Messer- 
schmitt, director. 

Lat. 48° 09' N. ; long. 11° 36.5' E. ; altitude, 530 meters ; distance, 84.75° or 9,423 km. ; 

chord, 8,587 km. ; direction, N. 29° E. 

Seismograms, sheet No. 5. 

The instrument \is('d was a Wi(H*hert inverted pendulum. 

(1) North and (2) east eoniponents : T,,, 12.1 .seconds; V, 200; J, 7,300 meters; e, 6.0; 
M, 1 ,000 kg. ; L', 36.6 meters. 



Firht 

PUKLIMINAKY 

Second 

Preliminary 

Ukuular 

Wavem. 

Max. 

Amplitude, 

Period. 

Eahth'b 

Amplitude. 


'Irkmorh. 

Trlmorb. 




1 

1 m . «. 

m . 8 , 

m. 8 . 

min . 

mm. 

are. 

mm . 

Ifl) North Goinponrnt 

25 00 

3.5 26 

52 00 

04 

SO + 

? 


1(2) East component 

1 Average . . . 

! [nterval . . . 

1 

25 00 i 
2.'» (10 

12 .'12 

35 41 

35 34 

23 06 

51 20 

51 *43 

39 15 

1 

f,S 

SO + 

20 1 

1 

6.‘8 + 


At 13** 52™ the north component of the earth’s movement is 0.47 mm., and the ea.st 
eompommt 1 .26 ; a po,ssible total of 1 .35 mm. ; this is during (he long waves. During the 
principal j»art at 13'' 5X"', l.he e.'ist indh’ator went beyond the limits, indicating an earth- 
amplitude of more than 1.25 mm. ; at the .same tiim; the north indicator showed an earth- 
amplitude of 0.77 mm. ; that is, the total amplitude was possibly greater than 1.47 mm. 
At 14’’ 05"‘ the north indicator exce(!dod the limits; and after that tim(^ no further 
rc'cord was made. 

It is possible that the regular waves .should be put about 4 minutes earlier; but the 
phase here taken is evidently the same as that taken for the regular waves at Jena. 

SAN FERNANDO, SPAIN. 

Institute y Observatorio de Marina. Gapitan Thomas de Azearate, director. 

Lat. 36° 28' N. ; long. 6° 12' W. ; altitude, 28 meters; distance, 85.25° or 9,478 km.; 
chord, 8,628 km. ; direction, N. 40° E. 

Foundation, solid rock. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component ; photographic 
registration; To, 20 seconds ; F, 6.1; J, 6(K) meters ; e, 1.13; A/, 255gm.; />, 15.6 cm. 

‘ The Uhics at Mo.'icow arc taken frojii an article by Dr. E. Lcyst in the Bulletin of the Naturali.sfs 
of Moscow, Nos. 1 and 2, 1900. They arc given to ininuU's only. It is evident that the beginning was 
not recorded, and the identification of the phases actually recorded is uncertain. 

•Off paper. 
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Fibst 

PkBLlMlMABT 

Trbmobb. 

Sbcond 

PULZMXNABT 

Tkbmors. 

Rboulab 

Watbs. 

Max. 

Amplitudb. 


mtn. 

mtn. 

mtn. 

mtn. 

mm. 

East component . . 

25.1 

35.3 

48.5 or 53.7 

( 57.9 
\ 04.2 

17.5 + 
17.5 -f. 

Interval . . . 

12.6 

22.8 

36.0 or 41.5 




The identification of the beginning of the regular waves is very doubtful. 

TORTOSA, SPAIN. 

Observatorio del Ebro. P. R. Cirera, S. J., director. 

Lat. 40° 49^ N.; long. 0° 30' E.; altitude, 38 meters; distance, 85.65° or 9,522 km.; 

chord, 8,660 km. ; direction, N. 39° E. 

Foundation, solid rock ; cretaceous strata. 

The instrument used was a Vicentini micn)eeismograph, two horizontal components ; 
mechanical registration on smoked paper. T^, 1.8 seconds; V, 180; J, 1,450 meters; 
Af, 100 kg. ; L, 1.43 meters. 


’■■■I 


Sbcond 

Prklimxnart 

Tremors. 

Rboolar 

Waves. 



^^9 

Earth’s 

Amplitude. 




m. 

t. 

m. 

«. 




mm. 

Average .... 

24 

55 

36 

00 

55 

00 




1.36 

Interval .... 

12 

27 

23 

32 

42 

32 


■■ 

■HI 



Duration, 2.5 hours. If both components have the same maximum amplitude at the 
same time, the total earth-amplitude might be 1.82 mm. 


KREMSM&NSTER, AUSTRIA. 

Observatoire des Benedictines. P. Franz Schwab, director. 

Lat. 48° 03' N. ; long. 14° 08' E. ; altitude, 380 meters; distance, 85.77° or 9,535 km. ; 

chord, 8,670 km. ; direction, N. 27° E. 

Foundation, about 20 meters of glacial till lying on Tertiary strata. 

Seismograms, sheet No. 2.* 

The instruments used were Ehlert horizontal pendulums (triple) ; photographic regis- 
tration. 

(1) N. 13° W. component : Tqj 10 seconds ; F, 81.4; /, 2,000 meters ; «, 1.0; L, 10 cm. 

(2) N. 47° E. component: Toi 10 seconds; F, 76.7; /, 1,900 meters; e, 1.0; L, 10cm. 

(3) N. 73° W. component : To; 10 seconds ; F, 81.4; J, 2,000 meters ; 6,1.0; L, 10 cm. 



First 

Preliminary 

Tremors. 

Second 

Preliminary 

Tremors. 

Principal 

Part. 

Max. 

Amplitude. 


mtn. 

mtn. 

mtn. 

mtn. 


(1) N. 13® W. component . 

24.4 

.38.3? 

01.9? 

B IB 








(2) N. 47® E. component . 

24.4 

35.5 

49.1? 

1 






26 






10 

(3) N. 73® W. component . 

24.4 

... 

.... 


15 





17 

Average 

Interval 

24.4 

11.0 

35.5 

23.0 


Bi 



* The middle record of the seismogram records the N. 47* E. component of the motion and not the 
N. 47* W. component as indicated. 
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Duration, 1.8 hours. The three Ehlert pendulums give very different effects. They all 
b^in at closely the same time but the second group is well shown only on (2), the instru- 
ment which records the northeast movement, that is, at right angles to the direction of 
propagation; this indicates a transverse wave. It can be recognized on (1), recording 
the north-northwest component, at SS-S*", but not so clearly. The beginning of the 
regular waves is not recognizable; nor can we be sure of the time of beginning of the 
principal part. 

The lines just below the seismograms are the records of a different hour. 

KRAKAU, AUSTRIA. ' 

K. K. Stemwarte, Prof. Dr. M. F. Rudski, director. 

Lat. 50° 04' N. ; long. 19° 58' E. ; altitude, 205 meters ; distance, 85.98° or 9,558 km. ; 
chord, 8,687 km. ; direction, N. 23° E. 

Foundation, compact sandy clay alluvium. 

Seismograms, sheet No. 13. 

The instruments used were Bosch-Omori horizontal pendulums, two components; 
mechanical registration on smoked paper. 

(1) Northwest comiwnent; To. 31.2 seconds; V, 10; J, 2,400 meters; e, 1.0 (?); 
r, 2.8 mm. (?); M, 11 kg.; L, 75 cm. 

(2) Northeast component: To, 25.8 seconds; V, 9.6; J, 1,600 meters; e, 1.24 (?); r, 
2.1 mm. (?); M, 11 kg.; L, 75 cm. 



Srcond 

Preliminary 

Tremors. 

Regular 

Waves. 

Principal 

Part. 

Max. 

Ampli- 

tude. 

Period. 


mtin. 

mtn. 

min . 

mti». 

mtn . 

888 , 

(1) Northwest component 

35.8 

54.5 

57.1 

00.9 

20 

32 

(2) Northeast component 

35.6 

53.6 

58.0 

59.2 

55 

24 

Average 

Interval 

m. «. 

35 42 

23 14 

m. 8 . 

54 06 

41 38 

m. f. 

57 33? 

45 07? 





Duration, northwest, 2.3 hours; northeast, 1.8 hours. 

The begimiing of the disturbance was not registered, tho very slight movements can be 
made out on the northwest component about 13’’ 27“ ; they are very slight and would 
not be recognized unless especially lookt for. The early motion (second preliminary 
tremors) is somewhat larger in the northwest than in the northeast component, indicating 
longitudinal waves ; but this may be due to friction in the latter component. It is not 
entirely clear why the first preliminary tremors were not properly registered ; the seismo- 
grams show that the northeast component had strong, solid friction which would be 
sufficient to prevent it from registering very small disturbances; but this condition is not 
so evident in the northwest component. 

Dr. Rudski only pves the times to tenths of minutes on account of the uncertainty of 
the beginning of the different phases; but the clock-time is perfect. The periods during 
the strong motion are so close to the natural periods of the pendulum that we can not 
make a good determination of the earth’s movement. The values of the damping ratios 
and the solid friction are determined from observations made long before the date of 
the earthquake. 

GRANADA, SPAIN. 

Observatorio de Cartuja. P. S. Navarro-Neumann, S. J., director. 

Lat. 37° 11' N. ; long. 3° 48' W. ; altitude, 776 meters; distance, 86.08° or 9.570 km. ; 
chord, 8,696 km. ; direction, N. 44° E. 

Foundation, piers are directly on Tertiary limestone. 

Seismograms, sheet No. 14. 
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The instruments used were : 

(1) Stiattesi horizontal pendulum, east component; mechanical registration on smoked 
paper. To, 17.6 seconds; V, 25; J, 1,900 meters; M, 208 kg.; L, 1.75 meters. 

(2) Vicentini microseismograph, east component ; mechanical registration on smoked 
paper. To, 3.4 seconds; V, 155; J, 450 meters; M, 312 kg. ; L, 2.88 meters. 



First 

Prbliiii- 

NABT 

Tremors. 

Second 

Prelimi- 

nary 

Tremors. 

Reottlar 

Waver. 

Principal 

Part. 

Max. 

Ampli- 

tude. 

Period. 

Earth’s 

Ampli- 

tude. 


m. f. 

m. «. 

m. f. 

mtn. 

min. 

mm. 

aec. 

mm. 

(1) East component 

24 40 

35 20 

48 09 

54.6 to 11.0 

r58.o 
\ 05.8 

40 + 

17.6 

... 

(2) East component 

24 40 

35 20 

.. .. 

54.7 to 11.0 

(08.5 
/55.2 
\ 57.2 

28.i 

16.7 

4.2 

4.0 

i!8 

0.6 

Average . . . 
Interval . . . 

24 40 
12 12 

35 20 
22 52 

48 09 
35 31 

m. «. 

54 39 

42 11 






Duration, 5.5 hours. The time of the regular waves is taken a little later than the 
time marked on the seismogram ; it is evident that what is here taken for the beginning 
of the principal part is that of the regular waves on the Krakau, the Pavia, and the 
Vienna seismograms ; it is accordingly so considered in the determination of velocity of 
propagation. 

PAVIA, ITALY. 

R. Osservatorio Geofisico. Dr. P. Gamba, director. 

Lat. 45® 11' N. ; long. 9° lO' E. ; altitude, 81.7 meters; distance, 86.20° or 9,583 km. ; 
chord, 8,707 km. ; direction, N. 32° E. 

Foundation, Quartemary alluvium, about 200 meters thick. 

Seismograms, sheet No. 7. 

The instrument used was an Agamennoue vortical pendulum, two horizontal compo- 
nents; mechanical registration with ink on paper. 

(1) Northeast component : To>0 seconds; V, 20; /, 180 meters; c, 1.14; r, 0.38 mm. ; 
M, 200 kg. ; L, 8.96 meters. 

(2) Southeast component : To) 0 seconds; K, 20; J, 180 meters; 6,1.52; r, 1.05 mm.; 
M, 200 kg. ; L, 8.96 meters. 
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Duration, 2-\- hours. The second group begins more sharply in the northeast than in 
the northwest component, i.e., at right angles to the direction of propagation. The long 
waves are also better marked on this component and the principal part begins earlier and 
lasts longer, tho it has a slightly greater maximum on the other component. This is 
probably not a question of period, as both components have the same ; but tho less well- 
dehned record of the southeast component is probably in part due to the greater friction ; 
its value of r is more than twice that of the other component. 
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The period of the regular waves on the northeast component at IS** 56" is about 
27 seconds; and amplitude 2.8 mm.; indicating an earth-amplitude of 2.7 mm. An 
earth-amplitude of 2.2 mm. is the maximum on the northeast component at 14** 04.4“ ; 
both of these maxima occur at times of minima on the northwest component. An earth- 
amplitude of 3 mm. is shown on the southeast component at 14** 03"; at this time the 
earth-amplitude on the northeast component is only about 1 mm., so that the total 
amplitude may be 3.3 mm. 


VIENNA, AUSTRIA. 

K. K. Zentralanstalt fiir Meteorologie und Geodynamik. Prof. Dr. J. M. Pernter, 
director. 

Lat. 48° 15' N. ; long. 16° 21.5' E. ; altitude, 200 meters : distance, 86.37° or 9,602 km. ; 

chord, 8,719 km. ; direction, N. 26° E. 

Foundation, loam soil. 

Seismograms, sheet No. 9. 

The instrument used was a Wiechert inverted pendulum, two compomiiits ; mechanical 
registration on smoked paper. 

(1) North and (2) ea.st components; 14 seconds; V, 250; J, 12,500 meters; e, 2.0; 
M, 1,000 kg. ; //, 49 meters. 
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Duration, 2.7 hours. The times of arrival of the n'gular waves is difficult to d»^ter- 
mine; it is possible, but not probable, that they should be taken about 6 minutes later. 
Tho the second group are also slightly questionable, the tim(! given is probably correct. 
The earth-amplitude w'as slightly larger for the east component; it was 0.21 mm. at 
13“ 59.5“ against 0.09 mm. for the north component; it was 0.14 mm. at 14“ 04.5", 14“ 
06.5", and 14“ 08"; and for the north component it was 0.19 mm. at 13“ 58.5™ and 
0.13 mm. at 14“ 08". 


SAL6 (BRESCIA), ITALY. 

Osservatorio Geodinamico. Signor P. Bettoni, director. 

Lat. 45° 36' N. ; long. 10° 30' E. ; distance, 80.42° or 9,608 km. ; chord, 8,722 km. ; 
direction, N. 31° E. 

The instrument used was an Agamennone seismometrograph, northeast and north- 
we.st components ; mechanical registration with ink on whit() paper. T^, 7.8 seconds ; Y, 
10; J, 150 meters; M, 220 kg. 

A very faint movement is discernible at 13“ 52", which reaches a maximum of 2 mm. 
amplitude at 14“ 05" on the northeast component. The greatest amplitude on the north- 
west component is only 0.2 mm. The transverse waves are thcrefont much stronger than 
the longitudinal. Earth-amplitudes can not be determined. The seismogram arrived 
too late for insertion in the atlas. 
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LAIBACH, AUSTRIA. 

Erdbebenwarte. Prof. Dr. A. Bdar, director. 

Lat. 46° 03' N. ; long. 14° 31' E. ; distance, 87.22° or 9,697 km. ; chord, 8,786 km. ; 
direction, N. 29° E. 

The instruments used were : 

Ehlert triple pendulums, three components; photographic registration. 

(1) North compon«it : T^, 3 seconds. 

(2) East component : T,, 7 seconds. 

(3) Northeast component : T^, 12 seconds. 

Horizontal pendulum, two components. 

(4) Northeast and (5) northwest compon^ts : this instrument consists of a box con- 
taining 40 kg. of stone pressing against a steel point and supported by a long wire ; regis- 
tration with ink on white paper ; 7*,, 20 seconds ; F, 11 ; M, 40 kg. 

Vicentini microseismograph; registration on smoked paper. 

(6) North, (7) east, and (8) vertical components; V, 100. 

Seismograph (construction not known). 

(9) North and (10) east components; V, 12.6. 
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TRIEST, AUSTRIA. 

K. K. Maritimes Observatorium. Prof. Dr. Edu. Mazelle, director. 

Lat. 45° 34' N. ; long. 13° 46' E. ; altitude, 67.5 meters ; distance, 87.74° or 9,754 km. ; 

chord, 8,828 km. ; direction, N. 29° E. 

Foundation, rock. 

The instruments used were: 

Ehlert horizontal pendulums (triple) ; photographic registration. 

(1) North component: T^, 12 seconds; F, 88; J, 3,150 meters; U, 35.8 meters; Af, 
200 ( ?) gm. ; L, 9.9 cm. 

(2) N. 60° W. component: T,, 14 seconds; F, 84; J, 4,100 meters; Af, 200 (?) gm.; 

L, 9.9 cm. 

(3) N. 60° E. component: T^, 18 seconds; F, 88; J, 7,100 meters; L', 80.7 meters; 

M, 200 ( ?) gm. ; L, 9.9 cm. 

Vicentini microseismograph, three components; mechanical registration on smoked 
paper. 

(4) North and (5) east components: T^, 2.41 seconds; F, 100; J, 143 meters; Af, 100 
kg. ; L, 1.43 meters. 

> The records of this instrument were not used in making up the average, as they differ so materially 
from the others. 
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(6) Vertical component: T^, 0.95 seconds; V, 100; J, 22.5 meters; M, 45 kg.; L, 1.50 
meters. 
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Duration, Ehlert, 3 hours ; Vicentini, 2 hours. The movement on the vertical compo- 
nent began at 02"’ 51* with reinforcement at 05“ 18*. The seismograms of the Vicentini 
instrument were too faint to reproduce, but we can determine from them the movements 
of the earth. At 14" 05.7“ the earth’s amplitude was: North, 1.1 mm.; east, 0.1 mm.; 
vertical, 0.9; total, 1.4 mm. At 14" 03“: North, 1.03; east, 0.9; vertical, 0; total, 
1.4 mm. These amplitudes should be a little larger, as the seismograms from which they 
were determined were slightly reduced. 

BUDAPEST, HUNGARY. 

Seismological Observatory of the University. Prof. Dr. R. de Kovesligothy, director. 

Lat. 47“ 29.5' N. ; long. 19“ 04' W. ; altitude, 110 meters ; distance, 87.93“ or 9,777 km. ; 
chord, 8,846 km. ; direction, N. 25“ E. 

Foundation, alluvium on Tertiary strata. 

The instruments used were: 

Bosch-Oinori horizontal pendulum, north component: T^, 23 seconds; V, 9; J, 1,190 
meters; M, 10 kg.; L, 75 cm. 

Vicentini-Konkoly vertical pendulum. 

North component : T,,, 2.45 seconds ; V, 44; J, 66 meters; il/, 105 kg.; L, 1.5 meters. 

East component : Tq, 2.45 seconds ; V, 60; J, 90 meters; M, 105 kg. ; L, 1.5 meters. 

The clock controlling the time marks was not working, so that no time records were 
made ; but the “ Bulletin hebdomadaire des observatoires sismiques de la Hongrie et de la 
Croatie” gives the maximum amplitudes and the corresponding periods of the waves, 
which enables us to calculate the earth-amplitudes when the instruments recorded a 
maximum. We have : 

Bosch-Omori, north component: amplitude, 22.3 mm.; period, 15 seconds; earth’s 
amplitude, 1.42 mm. 

Vicentini-Konkoly, north component: amplitude, 1.0 mm.; period, 26 seconds; 
earth’s amplitude, 2.5 mm. 

Vicentini-Konkoly, east component: amplitude, 0.55 mm.; period, 26 seconds; 
earth’s amplitude, 1.06 mm. 


(POTALLA, HUNGARY. 

Seismolo^cal, Meteorological, and Geodynamic Observatory. Dr. N. Thege von Kon- 
koly, director. 

Lat. 47“ 52' N. ; long. 18“ 12' E. ; altitude. 111 meters; distance, 88.08“ or 9,792 km. ; 

chord, 8,856 km. ; direction, N. 25“ E. 

Foundation, on a sandy plain. 
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The instruments used were: 

Bosch-Omori horizontal pendulums, two components; mechanical registration on 
smoked paper. 

(1) North component: T^, 23 seconds; V, 10; J, 1,300 meters; e, 1.17; M, 11 kg.; 
L, 75 cm. 

(2) East component: T^, 21 seconds; V, 10; J, 1,050 meters; e, 1.17; M, 11 kg.; 
L, 75 cm. 

Vicentini-Konkoly vertical pendulum, two components; mechanical registration on 
smoked paper. 

(3) North component: T^, 2.5 seconds; V, 41; J, 64 meters; c, 1.105; M, 105 kg.; 
L, 1.55 meters. 

(4) East component: T^, 2.5 seconds; V, 49; J, 76 meters; e, 1.105; M, 105 kg.; 
L, 1.15 meters. 
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Duration, (1) 2 hours; (2) 1.8 hours; (3) 36 minutes; (4) 54 minutes. There is little 
cou<!ordance in the times of the principal part, and in the absence of the seismograms 
these values can not be used in the determination of the velocity. 

The times, pijriods, and amplitudes are taken from the “Bulletin hebdomadaire d(!S 
observatoires si.smiques de la Hongrie et de la Croatii; ” ; and the earth-amplitudes are 
calculated. The smaller amplitudes of the Vicentini instrument are probably more 
reliable than those of the Bosch-Omori instrument, for the period of th(! latter is so n(*arly 
that of th(! waves that its magnifying power is very uncertain. On the other hand the 
Vic(intini failed to rec;ord the first and second pnJiiniuary tremors, indicating a lack of 
sensitiveness, possibly due to friction. 

The Vicentini instrument at Zagreb, 30 km. further from the origin than O’Oyjdla, 
indicates much larger amplitudes, but they also are very uncertain. 

nUME, HUNGARY. 

Seismological Observatory. Dr. P. Salcher, director. 

Lat. 45° 20' N. ; long. 14° 26' E. ; altitude, 20 meters; distance, 88.17° or 9,802 km. ; 
chord, 8,863 km. ; dirwtion, N. 29° E. 

Foundation, folded Cretaceous limestones. 

The instrument used was a Vicentini-Konkoly pendulum, two components; mechanical 
registration on smoked paper. V, 86 ; M, 100 kg. ; L, 1 .70 ± meters. The movement begins 
on both components (north and east) at IS** 40’“ and reaches a maximum, north 54'“ 18*, 
amplitude 0.8 mm. ; east, SS"" IST, amplitude 1.5 mm. The disturbance lasted 27.5 and 
47 minutes, respectively, on the north and cast components. It is not clear what phase 
the beginning of the movement refers to. 
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FLORENCE (XIMENIANO), ITALY. 

Osservatorio Ximeniano. P. G. Alfani, S. J,, director. 

Lat. 43° 47' N . ; long. 11° 15' E. ; distance, 88.23° or 9,808 km. ; chord, 8,868 km . ; 

direction, N. 31° E. 

Foundation, alluvium. 

Seismograms, sheet No. 6. 

The instruments used were : 

Stiattesi horizontal pendulums. (1) North and (2) east components: T^, 40 seconds; 
F, 30; J, 12,000 meters; M, 500 kg.; L, 1.50 meters. 

Vicentini microseismograph. (3) North and east components: T^, 2.4 seconds; 
V, 100; J, 143 meters; M, 450 kg.; L, 1.43 meters. 

Omori tromometrograph. (4) Northeast and (5) northwest components : T^, 36 sec- 
onds ; F, 25 ; J, 8,100 meters ; M, 250 kg. ; L, 50 cm. 

All have mechanical registration on smoked paper. 
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There are no time marks on the record of the Omori instruments, (4) and (5). Assum- 
ing the time of beginning to be the same as that given by the other instruments, the times 
of the lat(!r phases are obtained from the rate of rotation of the recording drum. 


ZAGREB (AGRAH), HUNGARY. 

Seismological Observatory. Prof. Dr. Mohorovicsics. 

Lat. 45° 49' N.; long. 15° 59' E.; distance, 88.33° or 9,820 km.; chord, 8,877 km.; 
direction, N. 27° E. 

The instrument used was a Vicentini-Konkoly vertical pendulum, two horizontal com- 
ponents; mechanical registration on smoked paper. (1) North and (2) east compo- 
nemts. The constants are assumed to be about the same as those for O’Gyalla, namely : 
Tq, 2.5 seconds; F, 40; J, 62 meters; M, 105 kg.; L, 1.55 meters. 


1 

First 

Preliminary 

Tremors. 

Second 

Preliminary 

Tremors. 

Principal 

Part. 

Max. 

Ampli- 

tude. 

Period. 

Earth's 

Ampli- 

tude. 


m. 

«. 

m. 

0. 

m. 0. 

m. 

0. 

mm. 

aec . 

mm. 

(1) North component . . , 

25 

33 

35 

21 

53 16 

01 

09 

2.2 

21 

3.9 

(2) East component . . . 

25 

17 

35 

42 

53 16 

01 

04 

1.6 

21 

2.8 

Average 

25 

25 

35 

31 

53 16 






Interval 

12 

57 

23 

03 

40 48 







The earth-amplitudes are quite uncertain on account of the uncertainties of the 
constants of the instrument. 

The times, periods, and amplitudes are taken from the “Bulletin hebdomadaire des 
observatoires sismiques de la Hongrie et de la Croatie.” 
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POLA, AUSTRU. 

K. K. Hydrographisches-Amt. Prof. Dr. August Gratzl, director. 

Lat. 44“ S2f N.; long. 13“ 51' E.; distance, 88.34“ or 9,821 km.; chord, 8,877 km.; 
direction, N. 29“ E. 

The instrument used was a Vicentini microseismograph, three components ; mechanical 
registration on smoked paper. The seismogram was too faint for reproduction. 

(1) North and (2) east components: T^, 2.24 seconds; V, 110; J, 138 meters; e, 1.03; 
r, 0.1 nun. ; M, 100 kg. ; L, 125 cm. 

(3) Vertical component: T^, 0.92 second; V, 135; J, 29 meters; M, 50 kg. 
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Nothing is visible in the vertical component. The greatest earth-amplitude on the 
north component was 1 mm. at 14“ 04.0“. 


QUARTO^ASTELLO (FLORENCE), ITALY. 

Osservatorio Geodinamico di Quarto-Castcllo. Dr. RalTaelo Stiattesi, director. 

Lat. 43“ 49^ N. ; long. 11“ 16' E. ; altitude, 90 meters ; distance, 88.40“ or 9,828 km. ; 

chord, 8,882 km. ; direction, N. 31“ E. 

Foundation, directly on Upper Eocene limestone. 

Seismograms, sheet No. 6. 

The instruments used were Stiattesi horizontal pendulums, two components; mechan- 
ical registration on smoked paper. 

(1) North component: T,, 21.4 seconds; V, 50; J, 3,780 meters; M, 500 kg.; L, 
1.80 meters. 

(2) East component: T,, 17.4 seconds; V, 50; J, 5,700 meters; M, 500 kg.; L, 1.80 
meters. 
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The periods are shown on the seismogram. It is not clear why so large a movement of 
the earth is indicated on the north component. The foundation is limestone, and other 
stations, not far distant, record much smaller displacements; and the east component 
indicates an earth-amplitude only about 0.1 as much. This large amplitude can not be 
accepted as true. 
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CHUfAa 

Meteorological, Magnetic, and Seismological Observatory. Rev. Louis Froc, S. J., 
director. 

Lat. 31** 12' N.; long. 121** 26' E.; altitude, 7 meters; distance, 88.49** or 9,838 km.; 

chord, 8,889 km. ; direction, N. 50** W. 

Foundation, alluvium. 

Seismograms, sheet No. 15. 

The instrument used was an Omori horizontal pendulum, east component ; mechanical 
registration on smoked paper. T,, 33.2 seconds; V, 15; j, 4,100 meters; e, 1.07; r, 1.5 
mm. ; Af, 15 kg. ; L, 75.6 cm. 
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The beginning of the movement is not shown on the seismogram, and the beginning 
of the long waves is not very clear. At 58“ the period of the waves is 26.4 seconds and 
the recorded amplitude 20 mm. ; the actual magnifying power is 40.5, making the earth- 
amplitude 0.5 mm. At 09“ the period is 29.6 seconds, the recorded amplitude 27 mm., 
and the magnifying power 60 ; and therefore the earth’s amplitude is only 0.45 mm. 

PILAR, ARGENTINA. 

Observatorio Magnetico. W. G. Davis, director. 

Lat. 31° 40* S. ; long. 63° 50.5' W. ; altitude, 340 meters ; distance, 88.75° or 9,866 
km. ; chord, 8,909 km. ; direction, S. 47° E. 

Foundation, compact alluvium. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component. 7*,, 15 
seconds; V, 6.1; J, 340 meters; e, 1.076; M, 255 gm. ; L, 15.6 cm. 

First preliminary tremors, 25.6“; interval, 13.1 minutes. Maximum, 36.8“; interval, 
24.3 minutes. Amplitude, 0.2 mm. 

Duration, 1.3 hours. It is impossible to determine the beginning of the motion from 
the reproduction of the seismogram; it is only possible to see a small swelling at the 
time of the maximum, which apparently occurs during the second preliminary tremors. 
It is not clear why the record should have been so small. 

XTRBINO, ITALY. 

Osservatorio Meteorico-Sismico. Prof. T. Allipi, director. 

Lat. 43° 43' N. ; long. 12° 38' E. ; distance, 88.82° or 9,875 km. ; chord, 8,916 km. ; 
direction, N. 30° E. 

The instrument used was an Agamennone vertical pendulum (modified), two horizontal 
components; mechanical registration with ink on white paper. T^, 5 seconds; V, 24; 
J, 150 meters; Af, 112 kg.; L, 6.2 meters. 

(1) North component: 13'* 54“ 50* to W** 16” 00*. 

(2) East component: 13" 56” 40* to 14** 11“ 00*. 

Observations much too late ; they probably represent only the principal part. The 
earlier phases were not recorded. 
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ROCCA DI PAPA, TTALT. 

R. Osservatorio Geodinamico. Prof. G. Agamennone, director. 

Lat. 41® 46' N. ; long. 12° 42' E. ; altitude, 760 meters ; distance, 90.48° or 10,061 
km. ; chord, 9,046 km. ; direction, N. 32° E. 

Foundation, volcanic rock. 

Seismograms, sheet No. 14. 

The instruments used were : 

Microseismograph Agamennone, two components; mechanical registration with ink 
on white paper. 

(1) Northwest component : 4.2 seconds; F, 60; J, 264 meters ; e, 1.0; r, 0.38 mm. ; 

M, 500 kg. ; L, 4.39 meters. 

(2) Northeast component : T,,, 4.2 seconds; F, 60; 7, 264 meters; e, 1.0; r, 0.20 mm.; 
M, ^ kg. ; L, 4.39 meters. 

New microseismometrograph Agamennone (80 kg.), two components; mechanical 
registration on smoked paper. 

(3) North and (4) east components: 2.6 seconds; F, 100; J, 168 meters; e, 1.0; 

r, 0.1 mm.; M, 80 kg.; L, 1.68 meters. 

Cancani horizontal pendulums, two components; meclianical registration with ink 
on white paper. 

(5) North component : T^, 27.2 seconds; F, 1; J, 185 meters; e, 1.03; r, 0.0 mm.; 
M, 60 kg.; L, 1.00 meter (?). 

(6) East component; T^, 26.6 s<«!onds; F, 1; J, 176 meters; e, 1.06; r, 0.0 nmi. ; 
Af, 60 kg.; L', 1.76 meters; L, 1.00 meter (?). 
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(1) Northwest component 

36 15 

56 

25? 



07.3 

3.2 

19 

1.15 

(2) Northeast component 

36 57 

57 

25? 

57 

29 

m , 9, 

10 11 

2.0 

17 

0.5 

(3) North component . . 

. . 

57 

50? 

06 

00 

07 00 

2.0 

17 

0.8 

(4) E^st component . . 

35 46 

58 

14? 

03 

20? 

07 30 

2.0 

17 

0.8 

(5J North component . . 

36 34 

57 

50 

59 

15 

05 20 

12.5 

26 


(6) East component . . 

37 00 

57 

15 

01 

25 

04 14 

15.0 

27 


Average 

36 30 

57 

30 







Interval 

24 02 

45 

02 








Duration, 2 hours. The beginning of the motion on all the in.struments was masked 
by vibrations due to high win^. 

The seismograms are reproduced from tracings, which, in the case of the 80 kg. Aga- 
mennone seismograph, do not bring out the regularity and fineness of the original record 
on smoked paper. One sees, however, the short vibrations of the pendulum superposed 
on the larger earth vibrations. The greatest earth-amplitude was at 14'‘ 07.3“; the 500 
kg. seismograph indicates an amplitude of 1.1 mm. in the northwest direction, and the 
two components of the 80 kg. instrument indicate: North, 0.82 mm.; east, 1.14 mm.; a 
total amplitude of about 1.4 mm. in the northwest or northeast direction. These instru- 
ments therefore partially confirm each other and indicate that the maximum motion was 
in the line of propagation. 

The Cancani horizontal pendulums have no damping; and since their natural periods 
correspond closely to those of the disturbance, no conclusion can be drawn from their 
record regarding the earth’s amplitude. 
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BELGRADE, SERVIA. 

Royal Astronomical and Meteorological Observatory. Prof. Dr. M. Nedelkovitch, 
director. 

Lat. 44® 48' N. ; long. 20® 09' E. ; distance, 90.67® or 10,080 km. ; chord, 9,061 km. ; 
direction, N. 25® E. 

Foundation, argillaceous alluvium, 130 meters thick, on Cretaceous limestones. 

The instrument used was a Viccntini-Konkoly microseismograph, two components; 
mechanical registration on smoked paper. 

(1) North component : T^, 2.4 seconds; V, 33; J, 47^ meters; M, 105 kg.; L, 1.43 
meters. 

(2) East component: 2.4 seconds; V, 48; J, 63 meters: M, 105 kg.; L, 1.43 

meters. 

Average: Second preliminary tromora, 36“54*; interval, 24“ 26*. Maximum, 02“ 51*. 
Amplitude, 1.0 mm. 

Duration, 1.9 hours. 


CARLOFORTE, SARDINIA, ITALY. 

Stazione Astronomica Internazionale. Dr. L. Volta, director. 

Lat. 39® 08' N. ; long. 80® 19' E. ; altitude, 18 meters; distance, 90.71® or 10,085 km.; 
chord, 9,067 km. ; direction, N. 36° E. 

Foundation, trachitic rock. 

1’he instrument used was a Vicentini micro.seisinograph, two horizontal components; 
mechanical registration on smoked paper. 

Northwest and northeast comi)onents: T^, 2.2 seconds; V, 50; J, 60 meters; e, 1.0. 
r, 0.1 (northwest component), 0.05 (northeast component) ; M, 100 kg. ; L, 1.20 meters; 

I'he original sei.smogram (too faint for reproduction) does not give clearly the times of 
the jdiases, but it shows, at 14'' 07“, waves of period 17 seconds and amplitude 0.5 mm. ; 
as the magnifying power for these wavt« is 0.85, the earth’s amplitude at that time was 
0.6 mrn., and since this amplitude was common to both components, the total possible 
amplitude of the (sarth’s movement was 0.85 mm. At W** 02“ the northeast component 
shows waves of period 20.4 seconds and amplitude 0.2 mm., indicating an amplitude of 
the earth in that direction of 0.34 mm. On the northwest component the amplitude is 
0.2 mm., and period 27 seconds, therefore the earth’s amplitude is 0.6 mm. ; the move- 
ment at this time has a stronger component in the northwest direction, that is, in the 
direction of propagation. 


SARAJEVO, BOSNIA. 

MeteorologLsches Bureau. Herr Ph. Ballif, director; Herr Passinj, section chief. 

Lat. 43® 52' N. ; long. 18® 26' E. ; altitude, 633 meters; distance, 90.89° or 10,104 
km. ; chord, 9,078 km. ; diniction, N. 27® E. 

Foundation, clay ; on northern slope of a hill. 

Seismograms, sheet No. 15. 

The instrument used was a Vicentini microseismograph, two horizontal components; 
mechanical registration on smoked paper. 

(1) North component : T^, 2.2 seconds ; V, 156 ; J, 188 meters ; Af, 100 kg. ; L, 1.20 
meters. 

(2) East component: 7*^, 2.2 seconds; V, 138; J, 166 meters; Af, 100 kg.; L, 1.20 
meters. 
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Second 
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AlfPLITUDR. 
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m. «. 

m. t. 

m. «. 


MC. 

mm. 

(1) North component • 

40 05 

57 47? 

03 40 


30 




- - f 

03 40 

0.75 

25 


(2) East component 

33 10 

54 16? 1 

14 39.5 

1.0 

20 

0.6 


Duration, 1 hour. The first preliminary tremors are not recorded, but a bell connected 
with a seismoscope rang at 13“ 25'". The east component began to record earlier than 
the north, and thruout gave much larger amplitudes. The maximum movement of the 
ground was at 14“ 03.7*" and amounted to about 0.54 mm. ; at 14“ 10.5*" it was 0.46 mm. ; 
its direction was nearly east-west. 


ISCHIA, ITALY. 

R. Osservatorio Qeodinamico di Casamicciola. Two installations, one at Porto d’Ischia 
and one at Grande Sentinella, about 3 km. apart. Prof. G. Grablowitz, director. 


PORTO d’ischia. 

Lat. 40® 44' N. ; long. 13°57'E. ; altitude, 31 meters; distance, 91.84® or 10,211 km.; 

chord, 9,153 km.; direction, N. 31® E. 

Foundation, trachite. 

Seismograms, sheet No. 7. 

The instruments used were: 

Grablowitz horizontal pendulums, two components : 

(1) North component: T^, 17 seconds; V, 8; J, 570 meters; c, 1.24; r, 0.8 mm.; 
M, 12 kg. ; L, 8 cm. 

(2) East component: T^, 17 seconds; V, 8; J, 570 meters; e, 1.07; r, 0.2 mm.; 
M, 12 kg. ; L, 8 cm. 

Vasca Sismica, two horizontal components. This is a circular tank containing water; 
two floats are placed near the sides at ends of a north-south and of an east-west diameter 
respectively, and the movement of the water is magnified and recorded on a drum. The 
tank is 1.56 meters in diameter and the water is one meter deep. The movement of the 
north-south diameter is magnified 74.4 times, that of the east-west diameter 68.6 times. 


QRANDB SENTINELLA. 

Lat. 40® 45' N.; long. 13® 54' E. ; altitude, 122 meters; distance, 91.83® or 10,210 
km.; chord, 9,151 km.; direction, N. 31® E. 

Foundation, volcanic tuff. 

Seismograms, sheet No. 7. 

The instruments used were : 

(5) Grablowitz horizontal pendulum, east component: T,, 12 seconds; F, 8; J, 290 
meters; e, 1.18; r, 0.5 mm.; M, 12 kg.; L, 10 cm. 

(6) and (7) Vasca Sismica, two components; it has the same dimensions as the tank 
at Porto d’ischia. V, 90.7 for the north component and 97.3 for the east component. 

All the instruments at both stations record on smoked paper. 
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Tremors. 

Keoular 
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m. 

m. s. 

m. «. 

m. 9 . 

mm. 

9 ee . 

(1) North component . 


36 497 

. . 

07 00 

08 34 

25 

17 

(2) East component . . 

. . 

. . 

. . 

04 31 

08 27 

50 

17 

(5) East component . . 

26 427 

37 07 

56 24 

1 04 00 

10 25 

7.5 

12.6 

Average 

Interval 

26 427 
14 147 

36 58 

24 30 

56 24 

43 56 






The vibrations of the water make it impossible to determine the phases from the Vasca 
Sismica either at Porto d’Ischia or at Grande Sentinella; at the former distinct waves 
of period about 18 seconds and amplitude 0.6 nun. occur from 14“ 04.0” to 14“ 18.0”. At 
Grande Sentinella, the waves are discernible at 13“ 56.0”; a maximum with amplitude 
of nearly 1 mm. is reached at 14“ 07.0”; the periods are from 18 to 24 seconds. 

During the strong motion the periods of the vibrations recorded by the Grablowitz 
pendulums are the same as those of the pendulums themselves; namely, 17 seconds at 
Porto dTschia and 12 seconds at Grande Sentinella. If wc attempt to find the earth- 
amplitudes by using the values of the damping and friction, we find 0.33 mm. or less ; but 
it is evident that the regular movement did not continue long enough to allow the pen- 
dulums to take their full amplitudes. 

CA60IAN0 (SALERNO), ITALY. 

0.sservatorio Meteorologico-Geodinamico. Signor P. Allard, director. 

Lat. 40® 54' N. ; long. 15° 30' E. ; altitude, 831 meters ; distance, 92.63° or 10,297 km. ; 
chord, 9,213 km. ; direction, N. 30° E. 

The instrument used was an Agamennone scismometrograph, northwest and south- 
west components; mechanical registration with ink on white paper. 6 seconds; 
V, 12.5; J, 112 meters; M, 200 kg.; L, 8.95 cm. 
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36 40 

56 

46 

04 10 

0.9 

22 

0.95 

Interval 

24 12 

44 
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At 13“ 59.5” the long waves on the northwest component had an amplitude of 0.4 mm. 
and a period of 32 seconds, corresponding to an earth-amplitude of 1 mm. At 14“ 07.3” 
the northwest earth-amplitude was 0.68 mm. The northeast component was not per- 
fectly free and was less sensitive than the northwest, so that the times can not be made 
out reliably; but notwithstanding this it indicated an earth-amplitude of 2.2 mm. at 
14“ 04.2”; denoting the strongest motion at right angles to direction of propagation. 

The seismogram arrived too late for reproduction. 

TAIHOKU, FORMOSA, JAPAN. 

Meteorological Observatory. H. Kondo, director. 

Lat. 25° 04' N.; long. 121° 31' E.; altitude, 10 meters; distance, 92.75° or 10,311 
km. ; chord, 9,222 km. ; direction, N. 55° W. 

Foundation, clay. 

Seismograms, sheet No. 15. 

The instrument used was an Omori horizontal pendulum, east component; mechanical 
registration on smoked paper. Tg, 17 seconds; V, 10; J, 720 meters; e, 1.27; r, 0.13 
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mm. ; M, 0 kg. ; L, 76 ± cm. The times on the seismogram are o, IS** 38“ 52'; b, IS** 
56“ 20'; c, 14“ 20“ 27'; d, 15“ 00“ 48'. 


■■mi 


(b) Rboulab 
Wavu. 

Max. 

AlfPUTUDB. 

PBBIOD. 

Earth’s 

AMPLirnoB. 


m. «. 

m. «. 

mtn. 

mm. 

MC. 

mm. 

East component . . . 
Interval .... 

28 52 

16 24 

56 20 

43 52 

0.0 

3.5 

22 

0.25 


The time of the beginning is evidently too late. It is probable that the earth-amplitude 
was greater than calculated, as the large vibration lasted for a very short time. 


SOFIA, BULGARIA. 

Central Meteorological Institute. Dr. Spas Watzof, director. 

Lat. 42® 42' N. ; long. 23® 20' E. ; altitude, 550 meters ; distance, 93.58® or 10,404 
km. ; chord, 9,286 km. ; direction, N. 24° E. 

Foundation, sands and sandy shales. 

Seismograms, sheet No. 13. 

The instruments used were Bosch-Omori horizontal jicndulums, two horizontal com- 
ponents ; mechanical registration on smoked paper. 

(1) North component : 20.8 seconds ; F, 10.1; J, 108 meters ; c, 1.0; r, 2.7 mm. ; 

M, 10 kg. ; L, 74 cm. 

(2) East component: T^, 31.0 seconds; V, 10.1 ; J, 2,400 meters; e, 1.0; r, 4.0 mm. ; 
M, 10 kg. ; L, 74 cm. 
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1 

25.00 

35.5 

36.0 

57.5 

56.7 

03.0 

04.7 to 05.8 

50 + 
60 + 

21.9 

28.9 

~ 25.66 
12.32 

35.45 

23.17 
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During the long waves at 14“ 01.5”, the north earth-amplitude was 0.48 mm. During 
the maximum movement of the pendulums the periods of vibration correspond very 
nearly to the proper periods of the pendulums; we can not therefore determine the 
earth’s movement. It is very difficult to determine the times of the first and second 
preliminary tremors accurately ; nor is it clear where we should place the beginning of 
the regular waves. 

MESSINA, SICILY, ITALY. 

Institute di Fisica terrestre e Mcteorologia della R. University. Prof. B. G. Rizzo, 
director. 

Lat. 38® 12' N. ; long. 15® 33' E. ; altitude, 46 meters ; distance, 94.67® or 10,524 km. ; 
chord, 9,368 km. ; direction, N. 32® E. 

Seismograms, sheet No. 12. 

The instrument used was a Vicentini microseismograph, three components ; mechanical 
registration on smoked paper. 

(1) Northeast component: T^, 2.4 seconds; V, 100; J, 143 meters; M, 106 kg.; 
L, 1.43 meters. 

(2) Northwest component: 2.4 seconds; F, 100; /, 143 meters; e, 1.04; Af, 106 

kg.; L, 1.43 meters. 
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(3) Vertical component: 1.8 seconds; V, 120; J, 97 meters; e, 1.14; M, 56 kg. 

The records were greatly disturbed by the wind so that the times of arrival of the first 
two phases were entirely lost ; the long waves appear at 13" 55.5™ on the northwest com- 
ponent. The greatest movement of the earth occurred during the principal part, at M, 
(14" 07.8”), when we find 



Amplitudx. 

Period. 

Eahth’a Amplitude. 




fflDI. 

Northwest component . 




Northeast component . 




Vertical component . . 





As a possible maximum of the earth-amplitude we have 1.7 mm. During the long 
waves, at 14" 04.7”, the period was 30 seconds, and the earth-amplitude 0.93 mm. The 
letters on the seismogram correspond to times as follows: Mj, 14" 04.3”; Mj, 14" 07.8”; 
Mg, 14" 10.1”; 14" 12.7”. 

CATANIA, SICILY, ITALY. 

R. Osservatorio di Catania ed Etneo. Prof. A. Riccd, director. 

Lat. 37° SO' N. ; long. 15° 05' E. ; altitude, 42 meters ; distance, 95.04“ or 10,567 km. ; 
chord, 9,396 km. ; direction, N. 32° E. 

Foundation, lava. 

Seismograms, sheet No. 13. 

The instrument used was a long vertical pendulum, two horizontal components; 
mechanical registration with ink on white paper. 

(1) Northeast component: T^, 10 seconds; V, 12.5; J, 310 meters; e, 1.01: r, 0.4 
mm. ; M, 300 kg. ; L, 24.9 meters. 

(2) Northwest component: T,, 10 seconds; V, 12.5; J, 310 meters; e, 1.026; r, 0.5 
mm. ; M, 300 kg. ; L, 24.9 meters. 
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06 
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18 
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26 05 

36 25? 

56 

24 

05 
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13 37 

23 57? 

43 

56 

53 
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At the times of the maximum on each component the movement is comparatively 
small on the other component, so that the total earth-amplitude would not be more than 
about 0.8 mm. The northwest component shows sigiis of friction ; this may be the reason 
why it does not bring out the long waves, and why the principal part is of somewhat 
shorter duration than on the northeast component. 

RIO DE JANEIRO, BRAZIL. 

Observatorio de Rio de Janeiro. Dr. H. Morize, director. 

Lat. 22° 54' S.; long. 43° 10' W.; altitude, 44 meters; distance, 96.28° or 10,703 
km. ; chord, 9,488 km. ; direction, S. 66° E. 

Foundation, decomposed gneiss. 

The instruments used were Bosch-Omori horizontal pendulums, two horizontal com- 
ponents; mechanical registration on smoked paper. M, 15 kg. ; V, 15. 
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The solid friction was so strong that it rendered the pendiilums almost aperiodic and 
masked the details of the motion; for this reason the seismogram is not reproduced. 
The first movement discernible on the east component is at 13" 39.7” ; and on the north 
component at 13" 54”. The total duration is nearly an hour. 

WELLINGTON, NEW ZEALAND. 

Department of Education. G. Hogben, director. 

Lat. 41° 17' S.; long. 174° 47' E.; altitude, 15 meters; distance, 97.62° or 10,853 
km. ; chord, 9,588 km. ; direction, S. 42° W. 

Foundation, directly on the “Wellington Slates” near the edge of a cliff, 15 meters 
high, near Wellington Harbor. 

Seismograms, sheet No. 2. 

The instrument used was a Milne horizontal pendulum, east component; photographic 
registration. 18.6 seconds ; F, 6.1 ; J, 525 meters ; e, 0.14 ; M, 255 gm. ; L, 15.6 cm. 



First Prrumxnart 
Trrmobs. 

Second Prbdiiunart 
Tremors. 

Principal Part. 


min . 

min . 

min . 

East component . . . 

26.6 

36.8 

02.2 (7) 
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14.1 

24.3 

49.7 (?) 


CALAMATE, GREECE. 

National Astronomical Observatory. Prof. Dr. D. Eginitis, director. 

Lat. 37° 02' N. ; long. 22° 15' E. ; altitude, 32 meters ; distance, 98.28° or 10,927 km. ; 

chord, 9,636 km. ; direction, N. 28° E. 

Seismograms, sheet No. 15. 

The instrument used was an Agamennone vertical pendulum, two horizontal com- 
ponents; mechanical registration with ink on white paper. T^, 6.95 ± seconds; V, 12; 
J, 144 meters; M, 200 kg.; L, 1.44 m. 

The disturbance began at 14" 02” 06" and lasted 18 minutes. Evidently the prelimi- 
nary tremors were not recorded, but only the principal part, whose interval is 49” 38*. 

TIFLIS, CAUCASIA, RUSSIA. 

Physical Observatory. Herr S. von Hlasek, director. 

Lat. 41° 43' N. ; long. 44° 48' E. ; distance, 99.43° or 11,054 km. ; chord, 9,719 km. ; 
direction, N. 9° E. 

The instruments used were: 

Ehlert triple horizontal pendulum, photographic registration. 

Milne horizontal pendulum, photographic registration, east component. 

Bosch-Omori horizontal pendulums, two components; mechanical registration on 
smoked paper. 

Two heavy Zollner horizontal pendulums.* 

First prehminaty tremors, 26“ 09*; interval, 13“ 41*. Second preliminary tremors, 
37” 59*; interval, 25“ 31*. 

TASCHEENT, RUSSIAN TURKESTAN. 

Astronomical and Physical Observatory. M. Ossipoff, director. 

Lat. 41° 20' N.; long. 69° 18'- E. ; altitude, 478 meters; distance, 99.86° or 11,102 
km. ; chord, 9,750 km. ; direction, N. 9° W. 

Foundation, stiff loess. 

* The times are taken from ** Die Erdbebenwellen ** by Drs. Wieohert and Zoepprita. Naoh. d. Gesell. 

d. Wissen. Gdttingen, Math. Phys. Kl. 1907. No further information is given. 










OBSERVATORIES AND THE DATA OBTAINED. 


103 


The instruments used were : 

Repsold-Zollner horizontal pendulums, two components; photographic registration. 
Seismograms, sheet no. 2. 

(1) North component : T^, 9.2 seconds ; F, 59 ; J, 1,240 meters ; M, 59.1 gm. ; L, 13 cm. 

(2) East component : 7*^, 7.94 seconds ;V,G0; J, 940 meters ; M, 59.1 gm. ; L, 12.7 cm. 
Bosch-Omori horizontal pendulums, two components; mechanical registration on 

smoked paper. Seismograms, sheet No. 13. 

(3) North and (4) east components: T^, 12 seconds; V, 10 (?); J, 360 (?) meters; 
M, 11 kg. ; L, 75 cm. 
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Average .... 
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(51.26) 

26.5 

14.0 

(59 06) 
37 22 

24 54 


(14 27) 

(21 21) 

33 

32 



The times in parentheses are not used, as they are evidently erroneous; the cause is 
unknown; the times of (4), for instance, are all much too late, but I can not discover 
the cause. (4) also indicates an earth-amplitude of 20 mm., which is impossible. 


CHRISTCHURCH, NEW ZEALAND.* 

Magnetic Observatory. Henry F. Skey, B. Sc., director. 

Lat. 43® 32^ S. ; long. 172® 37' E. ; distance, 100.40® or 11,162 km. ; chord, 9,788 km. ; 
direction, S. 42° W. 

The instrument used was a Milne horizontal pendulum, east component; photographic 
registration. V, 6.1; M, 255 gm. ; L, 15.6 cm. 

East component: Second preliminary tremors, 33.6™; interval, 21.1 minutes. 
Regular waves, 01.0“, interval, 48.5 minutes. Maximum, 30.0“. Amplitude, 6.8 mm. 
Duration, 3.3 hours. 

MANILA, PHILIPPINE ISLANDS. 

Manila Central Observatory. Rev. Jos6 Aigul, S. J., director. 

Lat. 14® 35' N.; long. 120® 59' E.; altitude, 10 meters; distance, 100.46® or 11,169 
km.; chord, 9,793 km.; direction, S. 118® W. 

Foundation, sand 14 meters thick over volcanic tuff. 

Seismograms, sheet No. 4. 

The instrument used was a Vicentini microseismograph, two horizontal and vertical 
components; mechanical registration on smoked paper. East-northeast component: 
T,, 2.4 seconds; V, 100; J, 1,430 meters; M, 100 kg.; L, 1.43 meters. 
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^ The times are taken from Circular 15, issued by the Seismological Committee of the British Asso- 
ciation for the Advancement of Science. 
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Duration, 3 hours. The time of the be^nning is evidently too early; the smallness 
of the motion makes it quite impossible to determine the precise time. The north- 
northwest component (not reproduced) gives a record very similar to the other, but with 
a somewhat smaller amplitude. The maximum instrumental amplitude is at U** OS.O”, 
when the earth-amplitude was (ENE.) 0.44 mm., (NNW.) 0.4 mm., or a possible total 
of 0.6 mm. Data are not at hand to determine the vertical earth movement, tho the 
instrumental amplitude was 0.25 mm. A larger earth-amplitude occurred during the 
long waves; we find, at 14** 01.0“, earth-amplitudes (ENE.) 0.75 mm., (NNW.) 0.45 mm., 
or a possible total of 0.87 mm. If instead of a short-period pendulum there had been 
one with a period in the neighborhood of 25 seconds, the record would have been very 
large at this time; and if the period had been about 20 seconds, the record would have 
been very large at 14" 08.0“ ; as it is, with a period of 2.4 seconds, the record is quite 
small. The strong contrast between the seismograms of Manila and that of Potsdam, on 
the same plate, is principally due to the periods of the pendulums at the respective 
places. At Potsdam the period was 18 seconds. 

TADOTSn, JAPAN. 

Meteorological Observatory. N. Maeda, director. 

Lat. 34® 17' N.; long. 133® 46' E.; altitude, 6 meters; distance, 101.30® or 11,262 
km. ; chord, 9,852 km. ; direction, N. 55® W. 

The instrument used was an Omoii horizontal pendulum ; mechanical registration 
on smoked paper. M, 10 kg.; V, 20; L, 75 cm.^ 

First preliminary tremors, 25“ 07'; interval, 12 minutes 39 seconds. 

CAIRO, EGYPT. 

Helwan Observatory. H. H. Wade, director. 

Lat. 29® 52' N.; long. 31® 20.5' E. ; altitude, 115 meters; distance, 107.92® or 11,998 
km. ; chord, 10,302 km. ; direction, N. 23® E. 

Foundation, directly on Eocene limestones; in the desert about 5 km. from the Nile. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component; photographic 
registration. T^, 15 seconds; V, 6.1; J, 340 meters; e, 1.054; angular displacement, 
1 mm. = 0.5" ; Af, 255 gm. ; L, 15.6 cm. 
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Duration, 3.5 hours. Only a drawing of the sdsmogram was avmlable; this and the 
indefinite character of the sdsmogram make it impossible to obtain accurate time deter- 
minations of the various phases. The beginning of the first preliminary tremors are 
evidently too late, but the time of the second preliminary tremors seems about right. 


* The constants are taken from Professor Omori’s Report on the Great Indian Earthquake. “Pub. 
Earthquake Investigation Commission in Foreign Language, No. 24.” The time is taken from Bulletin 
of the same Commission, vol. 1, No. 1. 
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CALCUTTA, INDIA. 

Alipore Meteorological Observatory. G. W. Kiichler, assistant meteorological reporter. 
Lat. 22° 32' N.; long. 88° 20' E.; altitude, 6.5 meters; distance, 112.72° or 12,531 
km. ; chord, 10,607 km. ; direction, N. 31° W. 

Foundation, marshy alluvium ; 100 km. from the sea, and far from mountains. 
Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, cast component ; photographic 
registration. T^, 18 seconds; V, 6.1; J, 490 meters; e, 1.10; angular displacement, 
1 nun. = 0.38"; Af, 255 gm.; L, 15.6 cm. 
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Duration, 4.1 hours. It is difficult to determine the exact time of beginning, as there 
was a slight disturbance of the beam. The time of the second preliminary tremors is less 
doubtful. 

BOMBAY, INDU. 

Government Observatory. N. A. F. Moos, director. 

Lat. 18° 54' N.; long. 72° 49' E.; altitude, 11 meters; distance, 121.19° or 13,472 
km. ; chord, 11,099 km. ; direction, N. 17° W. 

Foundation, basaltic trap. 

The instruments used were: 

(1) Milne horizontal pendulum, east component; photographic registration. Seis- 
mograms, sheet No. 2. T^, 18 seconds; V, 6.1; J, 490 meters; angular displacement, 

1 mm. = 0.47"; M, 255 gm.; L, 15.6 cm. 

Colaba horizontal pendulums, two components; mechanical registration with ink on 
paper. Seismograms, sheet No. 15. 

(2) North component : T^, 24 seconds ; F, 3 ; J, 430 meters ; angular displacement, 
1 mm. = 0.27"; M, 25 kg.; L,92± cm. 

(3) East component ; Tg, 37 seconds; V, 5; J, 1,700 meters; angular displacement, 
1 mm. = 0.14"; Af, 25 kg.; L, 92 ± cm. 

Each one of the Colaba pendulums consists of a mass of about 25 kg., supported on a 
horizontal beam about 90 cm. long. The solid friction is large, sufficient to stop the 
vibration of the pendulum in a single vibration if its amplitude is not more than a few 
millimeters. 
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Duration, 3.4 hours. (1) ^ves a better value of the time of arrival of the second 
preliminary tremors than the average on account of the strong friction of (2) and (3) ; 
and therefore its value is used in preference to the average of the three instruments. 'The 
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time of arrival of the regular waves is doubtful ; at the time given there is a change in 
the general character of the record, the irregular phase becoming more regular and the 
amplitude larger. The friction alters the magnifying power very materially; in the 
absence of precise knowledge of its value we can not estimate the earth’s amplitude. 

BATAVIA, JAVA. 

Royal Magnetic and Meteorological Observatory. Dr. W. van Bemmelen, acting 
director. 

Lat. 6° 11' S. ; long. 106® 50' E. ; altitude, 3 meters ; distance, 124.99® or 13,897 km. ; 
chord, 11,300 km. ; direction, S. 112® W. 

Foundation, alluvium. 

Seismograms, sheet No. 15. 

The instrument used was a Rebeur-Ehlert horizontal pendulum, north component; 
photographic registration. T^, 9.4 seconds; V, 65.5; J, 1,440 meters; e, 1.15; M, 200 
gm. (?); L, 12.2 cm. 
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The instrument was not still when the disturbance arrived; from an examination of 
the photographic copy of the seismogram it seems probable that the first preliminary 
tremors began at 29*' 34“, giving an interval of 17 minutes 06 seconds. During the 
regular waves an amplitude of 4.5 mm. was reached at 14" 17.5"‘, when the earth’s 
amplitude amounted to 0.38 mm. This was the maximum earth movement. During 
the principal part at 14" 30.6'", the earth-amplitude was 0.24 mm. 

KODAKANAL, MADRAS, INDIA. 

Solar Physics Observatory. C. Michie Smith, director. 

Lat. 10® 14' N. ; long. 77® 28' E. ; altitude, 2,343 meters; distance, 127.96® or 14,226 
km. ; chord, 11,449 km. ; direction, N. 26® W. 

Foundation, directly on solid rock. 

Seismograms, sheet No. 2. 

The instrument used was a Milne horizontal pendulum, cast component ; photographic 
registration. T^, 15 seconds ; P, 6.1 ; J, 340 meters ; e, 1.115 ; r, 0.0 mm. ; M, 255 gm. ; 
If, 15.6 cm. 

First preliminary tremors, 31.6"’ (?); interval, 19.1 minutes (?). Maximum, 28.8'". 
Amplitude, 2.5 mm. 

The position of this station has been misplaced on the map. It should be about 2 mm. 
from the southern point of India and equidistant from the sea, east and west. 

PERTH, WESTERN AUSTRAUA. 

Astronomical Observatory. W. Ernest Cooke, M.A., F. R. A. S., government astrono* 
mer. 

Lat. 31® 57' S.; long. 115® 50' E.; altitude, 59.5 meters; distance, 132.37® or 14,716 
km. ; chord, 11,656 km. ; direction, S. 78® W. 

Foundation, sand on limestones. 

Seismograms, sheet No. 2. 
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The instrument used was a Milne horizontal pendulum, east component; photographic 
registration. To, 15 seconds ; F, 6.1; J, 340 meters; €,1.083; M, 255gm.; L, 15.6 cm. 

Second preliminary tremors ( ?), 37.6“ ; interval, 25.1 minutes. Regular waves, 18.3” ; 
interval, 65.8 minutes. Maximum amplitude, 2.0 mm. 

A glance at the seismogram will show the difiSculty of getting satisfactory detenninar 
tions of the times of arrival of the first two phases. The loginning at 13** 37.6“ certainly 
does not correspond with the beginning of the first preliminary tremors as this phase 
would be, for moderate and large distances, much weaker than was recorded at Perth; it 
is possible that this time refers to the second preliminary tremors. The times given 
accord with the marks on the seismogram; but in Circular 14 of the Seismological Com- 
mittee of the British Association for the Advancement of Science, the corresponding 
times are 2.4 minutes earlier. 

CAPE OF GOOD HOPE, AFRICA. 

Royal Observatory. Sir David Gill, director. 

Lat. 33° 56' S. ; long. 18° 29' E. ; altitude, 7 meters ; distance, 148.63° or 16,524 km. ; 
chord, 12,266 km. ; direction, S. 86° E. 

Foundation, weathered Paleozoic rocks. 

Seismograms, sheet No. 1. 

The instrument used was a Milne horizontal pendulum, east component; photographic 
registration. T^, 12 seconds; V, 6.1; J, 220 meters; angular displacement, 1 mm. = 
0.21" ; Af, 255 gm. ; L, 15.6 cm. 
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I’he record is extremely small and is not brought out in the reproduction of the seis- 
mogram. On the photographic copy of the seismogram the line shows a slight swelling 
beginning at 13“ 36.5“, and a few long-period waves begin at 14“ 33.5”. It does not 
appear why this record is so much smaller than those of Perth and Mauritius. 

ISLAND OF MAURITIUS. 

Royal Alfred Observatory. T. F. Claxton, director. 

Lat. 20° 06' S.; long. 57° 33' E.; altitude, 51 meters; distance, 162.02° or 18,012 km.; 
chord, 12,601 km. ; direction, N. 1° W. 

Seismograms, sheet No. 2. 

The instrument used was a modified Milne horizontal pendulum, two components; 
photographic registration. 

(1) North component : T^, 20.4 seconds ; F, 11; J, 1,140 meters; e, 1.042; angular 
displacement, 1 mm. = 0.39"; M, 310± gm.; L, 15 cm. (?) 

(2) East component: 20.4 seconds ; F, 8; J, 830 meters; e, 1.007; angular dis- 

placement, 1 mm. «= 0.25"; M, 340 ± gm.; L, 13 cm. (?) 

Preliminary tremors, 41.2“ (?); interval, 28.7“ (?). Regular waves, 36.3“ (?); in- 
terval 83.8 minutes (?). Maximum, 50.0”. Amplitude, 5.0 mm. 

Duration, 3.3 hours. The times given do not specify the component, but apparently 
refer to the east component, as the north sdsmogram is not very clear. There is a con- 




108 


REPORT OF THE CALIFORNIA EARTHQUAKE COMMISSION. 


siderable increase in intensity at 58.3”, but it is not evident what it rrfers to. The 
time of the long waves is very doubtful. 

The instrument is an ordinary Milne horizontal pendulum with the beam pointing to 
the east; to the supporting column a second pendulum is attached pointing south; this 
is about 10 cm. long and carries a weight. A long light beam carrying the diaphram is 
attached at right angles to this pendulum, so that the two records are made side by side 
on the same photographic paper. The diaphrams are cut down to a width of 6 or 7 mm. ; 
and the slit in the box, thru which the light passes, is closed at intervals of 2 mm., so that 
a series of white lines appears on the record. One of these white lines lies almost in the 
center of the record of the north component. 

Mauritius is slightly misplaced on the map (plate 1) ; it should lie in the southeast 
angle between the lines marking 20° S. latitude and the red north-south line, thru the 
antipodes of the origin and practically touching these two lines. 



THE SEISMOGRAM AND ITS ELONGATION. 


EARLIER EXPLANATIONS. 

On examining the seismograms, we notice that many of them can readily be divided 
into a number of well-defined parts. The movement begins as a slight vibration, known 
as the first preliminary tremors or the first phase; after an interval, dependent upon the 
distance of the station from the origin, there is a marked strengthening of the motion ; 
this is called the second preliminary tremors or second phase; very soon the motion becomes 
quite irregular. After a second interval, also dependent upon the distance of the station, 
the irregularities gradually die down, giving place to waves of long period, 25 to 50 seconds, 
which may have a large amplitude ; at many stations the largest earth-amplitudes occur 
during this phase. The time when these waves take on a fairly regular form can usually 
be id(mtified with some accuracy and is therefore taken as the time of arrival of the 
regular waves. It is a little later than the long waves of Professor Omori and a little 
earlier than the large tvaves of Professor Milne. I have adopted this point, as I found it 
in general more easily identifiable, in the various seismograms, than those just men- 
tioned ; tho in some seismograms it is difficult to determine accurately where the regular 
waves begin. In a few cases it is not clear that there are any regular waves at all. This 
phase does not last long, but it is quickly followed by waves of shorter period, 15 to 20 
seconds, during which the pointer is apt to record its greatest amplitude, and which has, 
therefore, been called the large waves or principal part; it dies down with more or less 
irregularity until quiet is restored. This may require several hours, tho the earthquake 
at the origin may have lasted less than a minute. 

A number of hypotheses have been advanced to account for the increasing duration of 
the disturbance as the distance of the station from the origin is greater. In the first 
place, it is the general belief, first suggested by Prof. R. D. Oldham,* that the first pre- 
liminary tremors are due to longitudinal waves, the second preliminary tremors to trans- 
verse waves, these two being propagated thru the body of the earth ; and that the long 
waves and principal part are due to waves transmitted along the surface ; altho some 
seismologists think that all waves are transmitted around the earth at or near the surface. 
A part of the record, near its end, is, in some cases, due to surface waves which have past 
around the earth and have approached the station from the antipodes. 

As longitudinal waves advance more rapidly than transverse the interval between them 
naturally increases with the distance of propagation. This is the most satisfactory 
explanation of the increasing interval between the two phases, but according to it we 
should have two groups of waves separated from each other by a period of quiet ; whereas, 
in reality, we have a continuous disturbance; and, moreover, observation does not con- 
firm the idea that the first and second preliminary tremors consist solely of longitudinal 
and transverse waves, respectively. 

It has also been suggested that repeated reflections from the earth’s surface would 
cause a succession of impulses ; but in this case also they would be discontinuous. Still, 
it is most probable that some of the sudden strengthenings of the movement are due to 
the arrival of these reflected waves. 


^ On the Propagation of Earthquake Motion to Great Distances. Phil. Trans. R. S. 1900-1901, vol. 
194, pp. 135-174. 
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An explanation has been sought by supposing that waves of various periods are present 
in the disturbance and that they are propagated at various rates, just as light waves of 
different wave-lengths travel at different speeds in transparent substances. Altho the 
slow periods of the regular waves change into the quicker periods of the principal part, 
this change does not seem to continue during the remainder of the disWbance; nor 
has a similar change been discovered during the first two phases. 

A NEW EXPLANATION. 

The passage of sound thru air suggests a better analogy. A strong sound, like the firing 
of a cannon or a clap of thunder, is not heard at a distance as a sharp noise, but is ac- 
companied by a rumbling that lasts for many seconds; this is due to reflections and 
refractions of the sound at the surfaces of many layers of air of varying temperature, etc. 
Now the material of the earth for a few kilometers from the surface consists of rocks of 
varying density and elasticity ; and when an clastic wave crosses the bounding surface 
between two different materials, it is in general split up into four waves, reflected longi- 
tudinal and transverse waves, and refracted longitudinal and transverse waves. When 
the reflected waves, returning, meet a boundary between different kinds of rock, they are 
again reflected and send waves forward, which are, however, retarded behind the original 
wave. In this way, by repeated reflections and refractions, a large part of the energy of 
the original wave would be, as it were, stored up in the heterogeneous surface layer of 
the earth and be slowly given out, thus keeping up a continuous supply at the surface for 
a limited time. 

If the whole earth were sufficiently heterogeneous, wo should not have, at distant sta- 
tions, the distinction between first and second preliminary tremors, for there would be 
thruout the whole course of the waves such frequent transformations from longitudinal 
to transverse waves and vice versa, that they would arrive at a distant station thoroly 
mixed, and the supply of energy there would be fwrly continuous, without the sudden 
variation which actually marks the arrival of the second phase. But we believe that, 
with the exception of a surface layer a few kilometers thick, the earth is fairly homo- 
geneous, or, rather, without sudden changes in density or elasticity ; and that an earth- 
quake will set up both longitudinal and transverse vibratioas, which will travel at differ- 
ent speeds and become entirely separated from each other in the homogeneous interior. 
When the longitudinal waves reach the heterogeneous layer near the surface they will 
be broken up; at every refracting surface both longitudinal and transverse waves will 
bo sent forward; as the former always travel the faster, they will arrive first at the 
earth’s surface ; but, in general, the transverse waves, set up at the last refracting sur- 
face, will not be far behind them. The proportion of longitudinal and transverse waves 
in the first preliminary tremors, at a given station, will probably depend upon special 
characteristics of the rock in the neighborhood and also on the direction from which the 
waves come; for transformations depend on the angle between the vibrations and the 
refracting surface. In regions of stratified rocks such surfaces are very numerous and 
are usually parallel with each other; their influence would vary in accordance with 
the direction in which the vibrations met them. It might thus be possible for the 
first preliminary tremors to consist almost wholly of longitudinal waves, or to consist 
of both kinds equally; but it does not seem possible that transverse waves could pre- 
dominate in them. 

Let us now turn our attention to the group of transverse waves traveling by them- 
selves in the homogeneous interior of the earth. They fall farther and farther beUnd the 
longitudinal waves ; when they reach the heterogeneous outer layer they also suffer trans- 
formations, giving rise to both longitudinal and transverse waves, and these, by continual 
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reflections and refractions, prolong the time during which this group reaches the surface. 
In this group, as in the first, the proportion of longitudinal and transverse vibrations 
reaching the siuiace may vary between wide limits; but the longitudinal waves can 
never predominate. However, the first vibrations of the group will be longitudinal; 
for at the first refracting surface which the waves meet longitudinal waves will, in general, 
be generated, and will immediately advance at a higher speed, always keeping ahead of 
any transverse waves that they may develop. These waves, like the leaders of the first 
group, are apt to be weakened by reflections and transformations and may fail of recog- 
nition when they are superposed on the later vibrations of the first group. The time of 
arrival of the first group is dependent on the speed of thelongitudinal waves, from start 
to finish; but that of the second group depend on the speed of transverse waves in the 
homogeneous interior and of longitudinal waves in the heterogeneous outer layer. 

We do not know enough about the interior of the earth to fix the thickness of the outer 
heterogeneous layer, nor to say whether severe earthquakes originate in it or below it; 
tho the former seems the more probable. We have for simplicity of statement assumed 
the latter, but this is by no means necessary. If the earthquake originated in the hetero- 
geneous layer, both groups of waves would suffer some elongation before they reached 
the homogeneous interior and after they left it; but they would travel without change 
so long as they were in it. If there is a central metallic core in the earith, changes would, 
of course, take place when the waves crost its boundary. 

THE STRONGER TRANSVERSE WAVES. 

If the outer layer of the earth were sufficiently thick or sufficiently heterogeneous, longi- 
tudinal and transverse vibrations of the preliminary tremors might become so mixed in it 
that the first and second phases would not be distinguishable; but nevertheless, the two 
kinds of waves would separate from each other in the homogeneous interior and at distant 
stations the two phases would appear. But the fact that the second phase is so much 
stronger than the first at all stations, including those 30° or 40° from the origin, which are 
too near for the difference to be accounted for by the vertical component of the longi- 
tudinal motion, indicates that the outer homogeneous layer by no means destroys the 
distinction between longitudinal and transverse waves in the fimt two phases ; and that 
the transverse waves are originally much stronger than the longitudin^. This may be 
due to the way in which the waves originate at the fault-surface. When the rupture 
occurs there, the friction of one side against the other is probably the chief means of 
starting the vibrations, and evidently would produce stronger transverse than longitudinal 
waves. 


THE SEPARATION OF THE FIRST TWO PHASES. 

The distinction of the first two phases would exist from tho very start, but they would 
naturally reach a near station only a few seconds apart; and if the original shock lasted 
longer than this interval and underwent considerable variations in intensity, the arrival 
of the first preliminary tremors, due to successive parts of the shock, might mask the 
arrival of the second. Moreover, and this fact is perhaps still more important, few in- 
struments are provided with very open time-scales, a necessary condition to show the 
separation of the phases near the origin. Fortunately the Ewing three-component seis- 
mograph at Mount Hamilton met this requirement ; its time-scale was 6 or 7 mm. to the 
second and it was therefore quite competent to show the interval of 9 seconds which 
separated the beginnings of the first two phases. Mount Hamilton, at a distance of 128 
km. from the origin, was the nearest station provided with a time-marking record. At 
Victoria (distant 10.41° or 1,156 km.) the smallness of the time-scale and the overlapping 
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of vibratioQS from various parts of the fault-plane make it impossible to recognize the 
second phase; but at Sitka (20.72° or 2,302 km.), and at more distant stations, the 
second phase is distinct. So far, therefore, as the observations of the California earth- 
quake are concerned, there is no reason to believe that the first two phases are not dis- 
tinct from their starting-point; and the reason this has not been recognized heretofore 
may be entirely due to the small time-scale of the instruments. 

THE DIRECTION OF MOTION. 

Let us see how far the observed directions of motion support the above explanation 
of the elongation of the first two phases. The duplex seismographs of Berkeley and 
Mount Hamilton indicate the direction of the beginning of the motion; they show that 
the first movement of the ground at these stations was directed away from the origin. 
The extent of the fault-surface soon caused waves to come from many directions, so that 
the recorded movement became confused almost immediately ; but at Mount Hamilton 
there were two longitudinal vibrations before other waves materially interfered with their 
direction. The seismogram of the three-component Ewing instrument shows, when 
we consider the arrangement of the recording pens, that the first and second preliminary 
tremors began there with a movement southeast and northwest, that is, along the 
direction of propagation. These two were the only stations near the earthquake’s origin 
which yielded definite information regarding the direction of motion at the beginning of 
the shock. And of all the records at distant observatories there are comparatively few 
which throw light on this subject ; l)ccause only a very few instruments wore so 
oriented as to record separately the vibrations parallel with, and at right angles to, 
the course of the waves. The stations in the eastern part of the United States were 
well situated for this purpose, as the waves were moving almost directly eastward 
when they past them. Ottawa and Cheltenham each recorded the longitudinal 
waves (east component) about 13 seconds before the transverse, and the longitudinal 
waves also were somewhat stronger during the first preliminary tremors. In the second 
group, transverse waves (north component) were recorded at Cheltenham 9 seconds 
earlier than the longitudinal ; and they seem very slightly stronger. The northern com- 
ponent of the second group in the Ottawa seismogram overlaps other parts and can not 
be clearly read ; but it seems to be somewhat stronger than the eastern component. The 
Albany record does not yield definite results, and the other stations in this neighborhood 
only recorded one component of the motion. 

The waves arrived at the majority of the European observatories in a direction making 
angles between 30° and 40° with the meridian; and as by far the larger number of the 
instruments recorded either north-south or east-west motion, they would be affected about 
equally and would not distinguish between longitudinal and transverse waves. A few 
instruments, however, were oriented so as to make the distinction. The triple Ehlert 
instrument at Uccle began to record at the same moment with all three components, but 
the longitudinal waves (N. 00° W.) were stronger during the first preliminary tremors, and 
the transverse (N. 60° E.) during the second preliminary tremors. At Kremsmunster 
the longitudinal waves (distributed between the two components, N. 13° W. and N. 73° 
W.) seem stronger during the first preliminary tremors, and the transverse (N. 47° E.) 
during the second preliminary tremors. At Rocca di Papa the longitudinal vibrations 
(NW.) in the second preliminary tremors were registered 42 seconds before the trans- 
verse (NE.), according to Professor Agamennone’s reading of the original record. At 
Messina, the transverse (NE.) vibrations in the second preliminary tremors were somewhat 
stronger than the longitudinal. 
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The waves approacht Taschkent and Jurjew making a email angle with the meridian. 
No difference can be made out for the two components during the first and second pre- 
liminary tremors at Taschkent, but at Jurjew the east-west component was larger for 
both. The waves approacht Mauritius exactly from the north; and it is the most 
distant station from the origin (102**). The earlier part of the motion was distinctly 
stronger on the north-south component; and this preponderancy lasted during the first 
part of the second preliminary tremors ; but it must be remembered that the time of 
beginning of this phase is somewhat doubtful. On the other hand, we find the east-west 
motion, at Tacubaya, stronger for the first two phases, aJtho the direction of propagar 
tion was practically symmetrical with respect to the two components. At Upsala the 
east-west movement was slightly more marked during the first preliminary tremors and 
the north-south during the second preliminary tremors, tho the opposite would have 
been expected. At Potsdam, Jena, and Gottingen the north-south movement was 
slightly the stronger during the second preliminary tremors, also contrary to expectation. 

This is the very meager evidence which the records of the earthquake offer regarding 
the direction of motion during the preliminary tremors. It is not entirely consistent, but 
it indicates on the whole that longitudinal vibrations were preponderant during the first 
preliminary tremors, and transverse during the second preliminary tremors; but that 
both kinds of motion existed practically during the whole of the preliminary tremors; 
and therefore tho evidence can be said to favor the theory advanced to explain the draw- 
ing out of the record.* 

Wo must remember that transverse vibrations may have any direction around the 
direction of propagation, and in particular may lie in the vertical plane thru this 
direction; the horizontal projection of their motion would them lie in the direction of 
propagation of the disturbance along the surface, and they would be recorded as tho 
they were longitudinal waves. This may explain the longitudinal direction of the 
strong motion at Mount Hamilton, tho the movement on the fault-plane would lead 
us to expect transverse waves more nearly in a horizontal plane. 

THE PRINCIPAL PART AND THE TAIL. 

It is generally Ix^lieved that the surface waves arc al.so drawn out more and more as the 
distance of the station is greater ; but an examination of the seismograms of the California 
earthquake does not support this view. It is very difficult to determine what should be 
considentd the principal part and what the tail portion of the seismogram ; but on mak- 
ing the best e.stimate we can of the principal part, we find no regularity in its duration ; 
and we also find very diff(?rent results according to the type of instrument recording. 
For instance, at 1’a.schkent, one would estimate about 2.5 hours for the principal part 
from the Repsold-Zollner instrument, and 15 minutes from the Bosch-Omori. At Balti- 
more (distant 35.7°) a Milne pendulum makes the duration of the principal part about 
47 minutes ; whereas Bosch-Omori instruments at Washington (35.4°) and Cheltenham 
(35.6°) indicate a duration of only G to 8 minutes. At San Fernando (85.25°) a Milne 
pendulum gives a duration of 45 minutes ; at Krakau (85.98°) a Bosch-Omori, subject to 
some solid friction, gives 5 minutes; and at Vienna (86.37°) a Wiechert inverted pen- 
dulum gives 13 minutes. The following table, in which the duration of the principal part 
is given in minutes, is made up from the records of Milne pendulums alone, and shows 
that even the same type of instrument does not yield consistent results. 

^ Prof. C. F. Marvin (Monthly Weather Review, 1907, vol. xxxv, p. 5) obtained very interesting 
results regarding the direction of vibration at Washington at the time of the Jamaican earthquake, 
Janua^ 14, 1907. The longitudinal vibrations began earlier and were much the stronger during the 
preliminary tremors; the transverse vibrations were much the stronger during the principal part. 

X 
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Table 6. — Duration of the Principal Part as Recorded by Milne Inetrumente. 


Station. 

Dibtancs. 

Duration. 

Station. 

Dutancb. 

Duration. 

Victoria . . 

10.4 

49 

Kew 

77.6 

25 or 36 

Toronto . . 

32.9 

32 

Irkutsk .... 

80.8 

28 or 60 

Honolulu . . 

34.6 

62 

Coimbra . . . 

81.4 

24 

Baltimore . . 

35.7 

47 

San Fernando . . 

85.3 

54 

Paisley . . . 

72.6 

29 

Calcutta . . . 

112.7 

31 

Edinburgh 

73.0 

35 

Bombay . . . 

121.2 

26 

Bidston . . . 

74.8 

36 

Perth .... 

132.4 

60 


It is quite evident that no conclusion regarding the variation in duration of the prin- 
cipal part at different distances from the origin can be drawn from such data. 

But, altho we may be unable to recognize a progressive change in the duration of the 
principal part, nevertheless it is quite certain that all seismographs register a strong 
motion lasting much longer than the original shock. What has been called the viderU 
shock, and which alone could have affected distant seismographs, did not last more than 
40 or 50 seconds ; whereas the recorded principal part certainly lasted many minutes and 
in some cases an hour. This may be in part due to the synchronism of the periods of 
the waves and the instruments, but it can not be entirely explained in this way and it 
must be lookt upon as not yet understood. 

We have a little information regarding the prevalent direction of motion during the 
principal part. At Ottawa, Cheltenham, and Albany the longitudinal waves retained 
their intensity for a longer time than the transverse, tho we can not say which attained 
the greater maximum. At Rocca di Papa the longitudinal waves attained the greater 
maximum, but the durations of the two were about the same. At Messina the longitu- 
dinal waves were stronger and lasted longer than the transverse. On the other hand, 
the transverse waves lasted longer at Florence, and they had a greater maximum at Cag- 
giano. The observations are very meager and very inconsistent ; evidently more careful 
observations must be made to show to what extent the longitudinal and transverse waves 
are characteristic of different parts of the seismogram, how far this quality is different 
at different stations, to what variations it is subject, and what arc their causes. 

The long tail portion of th<} seismogram is still a riddle ; and altho we can hardly help 
considering it as in some way duo to waves following different paths and to reflections, 
we shall see further on (page 124) that simple reflections will nut explain it. One may 
easily be misled in attempting to correlate certain movements on different seismograms ; 
for instance, the last marked broadening of the trace of the Paisley, Edinburgh, and Bid- 
ston seismograms (sheet No. 1), occurring a few minutes before 14** 30*“, is so similar that 
one would naturally suppose that they represent a special group of progressive waves ; 
on determining the times of occurrence we find for its maximum, 14** 14.7”, 14** 20“ and 
14** 26.1“ at the three stations respectively ; the difference in time at Paisley and Bidston 
is 11.7 minutes and the difference in distance 252 km. ; therefore the velocity of propaga- 
tion would be 22 km. /min. But the time for them to reach Paisley from the focus, a 
distance of 8,060 km. would be 62.2 minutes, requiring a velocity of 130 km. /min. 
These values are so different that we must regard this broadening of the trace as due to 
some accidental synchronism of periods at the three stations, and not to an objective 
characteristic of the disturbance itself. There are many difficulties in understanding the 
characteristics of the seismogram which have not been overcome; and it is not likely 
that we shall have a complete explanation of it until a large number of heavily damped 
seismographs are installed, whose records will correspond closely with the actual move- 
ments of the earth, and will not be materially affected by the peculiarities of the instru- 
ment itself. 






THE PROPAGATION OP THE DISTURBANCE. 


THE HODOORAPHS 

All the available data which has been obtained bearing on the velocity of transmission 
has been collected in table 7 and exhibited graphically in plate 2. It will be seen that 
by far the larger number of observations occurred at distances between 70° and 100° from 
the origin. Many of the stations are at so nearly equal distances that they have been 
grouped together and entered as a single observation in thd plate ; therefore the number 
of observations marked on the plate is considerably less than the number actually repre- 
sented. All the seismograms have not the same degree of accuracy, and different sym- 
bols have been used to indicate these differences ; the observations from some stations 
are less reliable on account of the difficulty in reading the seismogram ; in some cases, 
less confidence can be given to the record because the seismogram was not at hand to 
confirm it ; this applies with special force to the observations of the regular waves, for 
there is no general consensus of opinion as to the particular point of the seismogram that 
indicates their Ixiginning. The curves drawn in the plate show the times taken for the 
thrcM; phases to travel from the origin to the distance of the observing station, these dis- 
tances being indicated in degrees and kilometers. The stations an; marked at the bottom, 
singly or in groups ; occasionally some stations of a group fail to yield satisfactory deter- 
minations of the time of arrival of a phase of the disturbance ; this phase is then marked 
with the initials of the stations which recorded it. 


Table 7. — IHmes of Trammiatnon of tfie Various Phases. 

P. = First proliminary traraors.] [2 P. T. “ Second preliminary tremors.] 

K. W. =« llogular waves.] [P. P. * Principal part.] 






Time Interval, in Minutes and Seconds. 1 

Station. 

Arc. 

Chord. 

1 P. 

T. 

2P. 

T. 

R. W. 

P. P. 


o 

km. 

km. 

m. 

s. 

m. 

9. 

m. 

9. 

m. 

9. 

Mount Hamilton 

1.16 

128 

129 

0 

17 

0 

26 





Victoria 

10.41 

1157 

1156 

2 

14 







Sitka 

20.72 

2303 

2291 

4 

34 

8 

38 

10 

04 



Tacubaya 

27.70 

3081 

3050 

5 

30 

10 

24 

13 

09 

13 

‘37 

Toronto 

32.9;i 

3571 

3610 

6 

48 

12 

00 

15 

24 



Honolulu 

:i4.60 

3846 

3790 

7 

00 

11 

54? 



. . 


Ottawa 

35.38 

3932 

3871 

""T" 

"5T 

T2 

22 



18 

“30" 

Washington 

35.44 

3939 

3878 

6 

52 

12 

32 

16 

'52 

18 

00 

Cheltenham 

35.64 

3962 

3899 

6 

55 

12 

37 

17 

48 

20 

00 

Baltimore 

35.74 

3973 

3909 

6 

54 

12 

42 



19 

06 

Average 

35.55 

3952 

3889 

6 

_53 

12 

33 

17 

20 

18 

54 

Albany 

”37.13 

~'4128“ 

4056 

9 

"o^ 

16“ 

“oT 

20 

i7~ 

21 

12 

Porto Rico 

53.45 

5942 

5729 

9 

22 

17 

39 





Trinidad 

G0.94 

6774 

6460 





29 

‘30 



.^ia 

Mizusawa 

69.20 

7694 

7235 

10 

*54 

19 

56 





70.46 

7834 

7349 

11 

39 

20 

46 





Ponta Delgada 

72.53 

8064 

7536 

11" 

0^ 

. 




38 

00 

Paisley 

72.54 

8065 

7537 

10 

42 

20 

48 

34’ 

‘54 

38 

30 

Bergen 

72.79 

8092 

7560 

10 

23 

19 

47 



39 

16 

Edinburgh 

72.99 

8115 

7578 

11 

00 

20 

30 

35 

‘30 

39 

30 

Average 

72.71 

8079 

755^ 

10 

]48 

J20 ■ 

22 

35 

1^ 

38 

48 

Tokyo 

fS.§2 

8217 

7660 

12 

07' 

"21 

5F 

'33 

V2' 

37 

47 

Bidston 

74.81 

8317 

7739 

11 

48 

21 

30 

35 

42 

39 

06 

Average 

74.3y 

8267 

7700 

_ll“ 

58 

21 

43 

34 

4'7' 

38 

”28 

Upsala 

"76.80 

8538 

7914 


23 

~22~ 

i6 

37 

52 

40' 

34 

Shide 

77.08 

8569 

7938 

11 

48 

21 

44 

38 

08 



Osaka 

77.30 

8594 

7957 

11 

56 

21 

45 

35 

28 



Kobe 

77.54 

8619 

7976 

11 

55 

21 

51 

37 

52 



Kew 

77.63 

8630 

7986 



21 

30 

37 

30 



Average 

77.27 

8590 

79M 

12 

00 

21 

49 

37 

22 

•• 
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Table 7. — Times of Trantmitaion of the Various Phases. — Continued. 


Station. 

Arc. 

Chord. 

Tiiir Interval, in Minutes and Seconds. 

IP. T. 

2P.T. 

R. W. 

P.P. 


e 

km . 

km . 

m. 

«. 

m . 

«. 

m. 

«. 

m. 

t. 

Hamburg 

79.74 

8866 

8167 

12 

04 

22 

22 

39 

17 



Uccle 

79.80 

8872 

8173 

11 

59 

22 

29 





Jurjew 

80.27 

8924 

8212 

12 

15 

22 

18 

, , 




Irkutsk 

80.82 

8986 

8259 

12 

08 

22 

22 

38 

48 



Average 

80.16 

8912 

8203 

12 

06 

22 

23 

J9 

02 



Potsdam 

81.35 

9042 

8303 

12 


”22 

55 


21 

42 

22 

Gdttingen 

81.36 

9046 

8304 

12 

16 

22 

38 

38 

37 

44 

08 

Coimbra 

81.39 

9049 

8307 

12 

54 

22 

30 

38 

00 


. 

Average 

81.37 

9046 

8305 

JL2 

31 

2^ 

47 

38 

39 

43 

15 

Leipzig 

““SiMO" 

916r 

8392 

12 

22 

23" 

11 

38 

5^ 

43“ 

02 

Jena 

82.45 

9167 

8396 

12 

06 

22 

41 

38 

44 

44 

11 

Strassbiirg 

82.91 

9218 

8434 

12 

29 

22 

52 





Average 

82.59 

9182 

8407 

12 

19 

22 

55 

38 

48 

43 

36 

Munich 

84.75 

9423 

8587 

12 

32 

23" 

06 

39 

IF 


, 

San Fernando 

85.25 

9478 

8628 

12 

36 

22 

48 





Average 

85.00 

94M 

8541 

12 


22 

57 

39 

L5 



Tortosa 

85.65 

“ 9 ^ 2 " 

8660 

12 

~W 

23 

32 

42 

32 

. . 

. 

KremsmUnster 

85.77 

9535 

8670 

11 

54 

23 

00 





Krakau 

85.98 

9558 

8687 



23 

14 

41 

38 

45 

07 

Granada 

86.08 

9570 

8696 

12 

12 

22 

52 

42 

11 



Pavia 

86.20 

9583 

8707 

12 

28 

22 

38 

41 

32 

48 

*27 

Vienna 

86.37 

9602 

8719 

12 

47 

23 

40 

41 

18 

45 

05 

Average 

86.01 

9562 

8690 

12 

18 

23 

09 

41 

50 



Laibach 

87^ 

~ 9697 

8786 

T3 

06 

23 

02 

41 

IF 



Tricst 

87.74 

9754 

8828 

12 

41 

23 

08 


, , 



O'Gyalla 

88.08 

9792 

8856 

12 

52 

23 

40 

, , 

, , 



Florence (Xiineniano) .... 

88.23 

9808 

8868 

13 

57 

24 

36 





Zagreb 

88.33 

9820 

8876 

12 

57 

23 

03 

40 

48 



PoJa 

88.34 

9821 

8877 

13 

28 

23 

45 

41 

46 



Quarto-Castello 

88.40 

9828 

8882 

14 

10 

24 

36 

39 

33 



Zi-ka-wei 

88.49 

9838 

8889 

12 

56 

23 

08 

43 

32 


. 

Pilar 

88.75 

9866 

8909 

13 

06 

. . 



. . 



Average 

_88.1^ 

9803 

_ 8864 

13 

“17 

23“ 


To' 

_57"? 

. . 


Rocca di Papa 

90.4ir 

I 0 O 6 F 

9046“ 



'"24 

&r 

45 

"62 



Belgrade 

90.67 

10080 

9061 

. . 

. . 

24 

26 

. . 

. . 



Average 

90.5^ 

1 0070 

9054 


24 

_14 

45” 

02 



Ischia 

91.84' 

I02i0 

9J52 

14 

14 

24“ 

“30 

43 ' 

■'56 



Gaggiano 

92.63 

10297 

9213 


, , 

24 

12 

44 

18 



Taihoku 

92.75 

10311 

9222 

16 

24? 

, , 


43 

52 



Soha 

93.58 

10404 

9286 

12 

32? 

23 

' 17 ? 

44 

38 



Messina 

94.67 

10524 

9368 


. , 



43 

00? 



Catania 

95.04 

10567 

9396 

13 

37 

23 ’ 

’ 57 ? 

44 

38 

53 

20? 

Wellington 

97.62 

10853 

9588 

14 

06 

24 

18 

49 

42? 



Calamatc 

98.28 

10027 

_903^ 





49 

38 

. . 


Tiflis 

' 99 T 43 

II 054 

9719“ 

13 

41 

25 

31 



_ 

~ ■ 

Taschkent 

99.86 

11102 

9750 

14 

00 

24 

54 





Average 

99.65 

1 1 078 

9735 

13 

50? 

24 

12? 




Christchurch 

■ 106 . 46 " 

~iiwr 

9788 



“ 21 “ 

■"06 

48 

30 



1 Manila 

100.46 

11169 

9793 

16 

16? 

. . 

. . 

48 

30? 



Average 

roo,43 

11165 

9790 

10 

16? 

21 

06 

48 

30? 



Tadotsu 

"loilo" 

11262 

9852 

12 

397 





.7 


Cairo 

107.92 

11998 

10302 

18 

30 

26 

30? 





Calcutta 

112.72 

12531 

10607 

16 

42? 

26 

54 

53 

06 



Bombay 

121.19 

13472 

11099 

, , 

, , 

28 

18 

59 

18 



Batavia 

124.99 

13897 

11300 

20 

26? 

29 

48 

61 

54 



Kodaikanal 

127.96 

14226 

11449 

19 

06? 







Perth 

132.37 

14716 

11655 

, 


25 

06? 

65 

48 



Cape of Good Hope 

148.63 

16524 

12256 

24 

00 ? 



81 

00 ? 



Mauritius 

162.02 

18012 

12601 

.. 


28 

427 

83 

48 
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After plotting in the times of arrival of the three phases at the various stations a 
smooth curve is drawn thru the points marked, so that the errors of the observations 
may be as small as possible; the velocity of the hrst preliminary tremors, as noted on 
page 7, is assumed to be 7.2 km./sec. near the origin; the velocity of the second pre- 
liminary tremors in the same region becomes 4.8 km./sec. from the Mount Hamilton 
observations, as they begin there 9 seconds after the first preliminary tremors. A special 
method was followed in drawing the straight line for the long waves and it will be given 
further on. These curves are called “hodographs.” The average velocity of trans- 
mission to any station is evidently given by the time interval divided by the distance; 
that Ls, it would equal the tangent of the angle which ^a straight line, drawn from the 
origin to a point on the hodograph immediately above the station, makes with the vertical ; 
and the velocity along the surface would be given by the difference between the times of 
arrival at two stations divided by the difference of their distances from the origin, provided 
these distances differed but little from each other. 

THE PREUMUTARY TREMORS. 

The first thing that strikes us on examining the plate is that the hodographs of the 
first two phases are curved, indicating that the average velocity of traasmission increases 
with the ^stance ; and that the hodograph of the regular waves is straight, showing a con- 
stant velocity independent of the distance. The.se distances have been measured along 
the surface, or, as it is exprest, along the arc. When we plot the hodographs of the first 
two phases in terms of the distance of the stations from the origin, measured by the 
shortest route, that is, by the chord, as shown in the ui)per part of the plate, we find them 
still curved, but much less so than in the former case. It is the general belief that the 
curvature of those lines indicates that the waves travel thru the body of the earth and 
that their velocity increases with the depth of the path below the surface ; if this bo true, 
and no satisfactory arguments have been advanced against it, the waves would not follow 
the shortest path to a station, that is the chord, but would follow a curved path, convex 
downward, which would bring them to the station in the shortest time. Unfortunately 
at distances greater than 100° for the first preliminary tremors and 125° for the second 
preliminary tremors, the observations of the phases become extremely doubtful ; and it 
is precisely the paths leading to stations beyond these distances that dip very deep 
towards the center of the; earth, and that might reveal the nature of that region. 

The cause of the inaccuracy of observations at great distances is not far to seek. The 
first preliminary tremors are always very weak and are recorded as very small vibrations 
even at comparatively small di.stances. If, moreover, as we have given reasons to believe, 
their vibrations arc longitudinal, a large part of their energy would be taken up in vertical 
vibrations at the surface, particularly at great distances, and would therefore fail to pro- 
duce an appreciable disturbance of instruments recording horizontal movements only. 
The horizontal and vertical components of the first preliminary tremors at Gottingen 
(distant 81.36°) have about the same amplitudes, which is very small; and this shows 
that the weakness of this phase is not merely duo to its tendency to produce vertical 
vibrations at the earth’s surface. Moreover, the amplitude of vibrations would decrease 
more rapidly than the distance, because, as Prof. C. G. Knott * has shown, the curved 
paths of these waves would cause the energy to be concentrated upon the nearer stations, 
with a corresponding diminution at the more distant ones. It also happens that all the 
instruments at stations beyond 105° have a low magnifying power, with the exception 
of Batavia; and even there the magnifying power, 65.5, may be insufficient to indicate 
the real beginning of the first preliminary tremors. It is quite possible that the beginning 
of the record at Mauritius may represent the second preliminary tremors, and that the 


‘ The Physics of Earthquake Phenomena, p. 253. 
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hodograph should pass exactly thru the records of Calcutta and Mauritius ; but this is 
too uncertain to justify the extension of the hodograph to Mauritius. It does not seem 
to be possible, from the observations of this earthquake, to draw any certain inference 
regarding the velocity of propagation of the first two phases much beyond 110“. 

The beginning of the second preliminary tremors is often the most easily recognizable 
point of the seismogram. The first pr^minary tremors frequently have so small an 
amplitude that their beginning can not be determined ; and sometimes there is no evi- 
dence of any movement until the second preliminary tremors arrive. The latter usually 
show themselves by a definite and well-marked increase in the amplitude of the recording 
instrument. 

The records of the Kingston earthquake of January 14, 1907, offer a very instructive 
example of the influence of the magnifying power of seismographs on the times recorded. 
Washington, with a magnifying power of 25, recorded the first preliminary tremors; 
Cheltenham, with a magnifying power of 10, began its record with the second preliminary 
tremors; whereas Baltimore, with a magnifying iwwer of 6, only recorded the principal 
part. These three stations are close together and practically at the same distance from 
Kingston. 

The hodograph of the second preliminary tremors, exprest in terms of the distance 
measured along the chord, shows a point of inflection at a distance of about 9,000 km. ; 
this docs not indicate that the average velocity diminishes at this distance, but merely 
that it does not increase as rapidly as it does at shorter distances ; this part of the curve, 
however, is quite doubtful and wo are not justified in drawing any very definite conclu- 
sion from its form. It is extremely disappointing that the observations of this earthquake 
do not lead to definite results regarding the propagation of the disturbance to very great 
distanccis ; for the point where the earthquake occurred and the time of its occurrences 
are both known to a satisfactory degree of accuracy, and instruments recorded the 
shock at stations as far as 162° distant, that is, very nearly to the antipodes. This further 
emphasizes the importance of installing instruments recording the vertical component of 
motion, and instruments with high magnifying powers, not less than 100 ; for they alone 
can be expected to yield satisfactory records of the times of the arrival of the various 
phases of very distant earthquakes, regarding which our information is still very vague. 

As the earthquake originated at some distance below the surface, the surface velocity 
in the immediate neighborhood of the epicentrum would be very large ; it would diminish 
rapidly as the distance increased, would reach a minimum and again increase as th(^ 
paths of the waves to the more distant stations extended deeper into the earth. If we 
had absolutely accurate observations, the hodograph, drawn from them, would be con- 
cave upwards near the origin, would pass thru a point of inflection a little further off, and 
would then pass into the general form, concave downwards, as drawn in the plate. See- 
bach ‘ first pointed out that the form of the curve in the neighborhood of the origin could 
be used to determine the depth of the focus; he assumed constant velocity in all upward 
directions near the origin; Prof. A. Schmidt,’ assuming increasing velocity with the 
depth, modified the results ; but the degree of accuracy required of the ol)servations is 
so great that all attempts so far made to determine the depth of the focus by this means 
are unreliable ; and we can not expect to apply the method successfully until the accuracy 
of our observations is far greater than it Ls now. Table 8 shows the ^stances of stations 
from the centrum in kilometers, in terms of their distances from the epicentrum meas- 
ured along the surface of the earth, and of the depth of the centrum; these distances 
take into account the curvature of the earth and are accurate to a fraction of a kilometer. 

‘ Das Mitteldeutsche Erdbeben von 6 Mars 1872. Leipzig, 1873. 

* Wellenbewegung und Erdbeben. Jahreshefte fttr Vaterlands Naturkunde in Wttrtemborg, 1888, 
p. 248. 
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Table 9 shows the differences in the time of arrival in seconds, of the first pr eliminar y 
tremors at stations at various distances, when the focus is at the given depth or at the 
surface, calculated under the supposition that the velocity is 7.2 km. / sec. Table 10 
gives similar results for the second preliminary tremors, whose velocity is taken at 
4.8 km. / sec. (see p. 117). In these tables z is the depth of the focus and Z) the distance 
of the station from the epicentrum measured along the earth’s surface, in kilometers. 


Tablk 8 . — Distances from the Centrum (in kilometers). 
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Tablk 9 . — Differences between the Times of A rrival of the First Preliminary Tremors 
when the Focus is at the Surface or at the Depth z (in seconds). 
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0.1 
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0.0 

0.0 

20 

1.6 

1.2 

0.5 

0.3 

0.1 

0.0 
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5.7 

4.7 

2.9 
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0.8 

0.2 
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12.6 

11.4 

8.6 
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Table 10 . — Differences between the Times of Arrival of the Second Preliminary Tremors 
when the Focus is at the Surface or at Depth z (in seconds). 
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10 

20 

60 

100 

200 

400 

10 

0.9 

0.5 

0.2 

0.0 

0.0 

0.0 

20 

2.6 

1.7 

0.8 

0.4 

0.2 

0.0 

50 

8.5 

7.0 

4.3 

2.4 

1.1 

0.3 

100 

18.9 

17.0 

12.8 

8.6 

4.6 

1.9 


A glance at these tabk*s will show that, for any probable depth of focus, stations at a 
distance from the origin of two or three times this depth would be wholly incapable of 
supplying time records which could be used in determining the depth. Let us take an 
example. Suppose the focus of an earthquake was at a depth of 50 km., and that it was 
recorded at two stations, one 50 km. and the second 100 km. distant from the epicenter; 
the first would record it 2.9 seconds and the second 1.6 seconds later than if the earth- 
quake had occurred at the same time at the surface. The difference of these numbers, 
namely, 1.3 seconds, is the difference in the interval between the recorded times at the 
two stations, for earthquakes at a depth of 50 km. and at the surface. It would be quite 
impossible to determine so small a difference with any instruments now in use, and there- 
fore such observations could only tell us that the depth was probably not much greater 
than 50 km. But an accurate record at a station, say, 200 km. distant from the origin 
might be used in conne<!tion with the records of nearer stations, to show that the focus 
was not very deep. In our determination of the location of the focus of the California 
earthquake we had observations of four stations, and by the method of least srjuares we 
found its most probable location. The observations at Ukiah and Mount Hamilton had 
no practical influence in determining the depth, but helped to locate the epicenter ; whereas 
the observations at the nearer stations determined the approximate depth. 

The actual points of inflection of the hodographs are not so very near the epicenter, 
their distances being 252, 357, 463, and 796 km. for the depths of focus 10, 20, 50, and 
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100 km., respectively ; but the curvature of the lines practically disappears at distances 
from the epicenter equal to twice the depth of the focus. 

Professor Rizzo has made strong inflections in his hodograph of two Calabrian earth- 
quakes.* A straight line would fit the observations of the first preliminary tremors in 
the first earthquake to distances of 2,000 km. rather better than his curves, especially 
for the near stations ; and the observations which bend the hodograph of the first pre- 
liminary tremors in the second earthquake are far too inaccurate to justify the curve. 
The observations of the second preliminary tremors in both cases are too few to be deci- 
sive. Moreover, the points of inflections of the curves are at a distance of about 800 km., 
which would correspond to a depth of focus of about 100 km. ; whereas Professor Rizzo 
does not think the depth in either case greater than 50 km. 

The curvature of the hodographs near the origin has not been shown in plate 2 because 
the scale is too small. The times given by the curves are measured from the time the 
earthquake occurred, as nearly as this could be determined, and not from the time the 
disturbance reached the surface at the epicenter, as has usually been done. There are 
certain objections to the usual method; the disturbance does not pass from the focus 
directly to the surface and then along the surface to distant points, but it goes directly 
to the distant points, and its time of arrival there, even at such short distances as four 
times the depth of the focus, is not materially affected by this de^pth, tho the time of 
arrival at the surface is. It is better, therefore, for our base-line to represent the time 
of occurrence of the shock at the focus ; and if the scale of the drawing is sufficiently large 
to show the upward curvature of the hodograph, the curve would not pass thru the origin 
but above it, at a distance representing the time necessary for the shock to go from the 
focus to the surface. This will be only a few seconds ; perhaps never more than 7 seconds 
for the first preliminary tremors and 10 seconds for the second preliminary tremors, as 
these intervals would correspond to a depth of focus of 50 km. 

In table 11 are shown the velocities of the first preliminary tremors and second pre- 
liminary tremors in kilometers per second, measured along the chord. The velocities are 
not calculated from actual observations at the stations, but from the hodographs. 


Table 11. — Velocities of First and Second Preliminary Tremors in Kilometers per Second along the Chord. 


Dibtanck. 

First Preliminary Tremors. 

SEroND Preliminary Tremors. 

Degrees. 

Are. 

Chord. 

Interval. 

Velocity, 

chord. 

Interval. 

Velocity, chord. 

o 

km. 

km. 

min. 


mtn. 


0 

0 

0 

0.0 

7.2 

0.0 

4.8 

10 

1112 

1110 

2.4 

7.7 

3.85 

4.8 

20 

2224 

2212 

4.3 

8.6 

7.6 

4.9 

30 

3335 

3297 

6.1 

9.0 

10.9 

5.0 

40 

4447 

4357 

7.7 

9.4 

13.8 

5.3 

50 

5559 

5384 

9.0 

10.0 

16.3 

5.5 

60 

6671 

6370 

10.2 

10.4 

18.6 

5.7 

70 

7783 

7307 

11.35 

10.7 

20.6 

5.9 

80 

8894 

8189 

12.3 

11.1 

22.25 

6.1 

90 

10006 

9009 

13.25 

11.3 

24.0 

6.2 

100 

11118 

9759 

14.2 

11.4 

r 25.7 

\25.4 

6.3 

6.4 

110 

12230 

10436 

14.9 

11.7 

f 27.2 7 
126.5? 

6.4? 

6.6? 

120 

13342 

11033 

.... 

.... 

J 28.5? 
127.3? 

6.5? 

6.7? 

130 

14453 

11546 

.... 

.... 

f 29.8? 

127.8? 

6.5? 

6.9? 


‘ Sulla VelocitlL di Propagazione della Onde Sismiche, Acad. R. d. Scienze di Torino, 1905-06, 
vol. Lvii, pp. 309-350; Nuovo Contributo alio Studio della Propagazione dei Movementi Sismici, 
same, 1907-08, vol. lix, pp. 375-419. 
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Two sets of values of tho second preliminary tremors are given for distances of 100° or 
more; they correspond to the two curves drawn in plate 2. The first set are more in 
accord with the observation at Batavia, the second with that at Mauritius ; but both are 
very doubtful beyond about 110°, where they do not differ much. 

THE PATHS OF THE WAVES THRU THE EARTH. 

The velocities given show tho average values between the focus and the distance 
indicated ; but they do not show the actual velocity at any point of the path. The 
average velocity increases with the distance of the Ration; and this must be due to 
increasing velocity with greater depth 
below the surface. With such increasing 
velocities it is impossible for the rays to 
follow straight lines, but they must follow 
paths which are concave upwards. Prof. 

E. Wiechert ‘ has given a method for 
following out the paths of the waves, 
which is dependent upon the direction of 
the wave as it approaches a station. 

The angle at the station between this 
direction and the surface is the angle of 
emergence, e, and its complement is the 
angle of incidence, i (see fig. 27). This 
angle may be found immediately if we 
know the velocity of the wave near the 
surface and the surface velocity. The 
former is about 7.2 km./sec. ; the latter 
can be determined from the hodograph ; 
it equals the angle made with the vertical 
by the tangent line to the hodograph. 

The value of the surface velocity depends, 
therefore, upon tho actual direction of 
the hodograph line (plate 2), and can only 
be determined accurately provided the 
hodograph is accurate. This, however, 
the surface velocity are only approximately correct. The paths of the waves do{)end 
upon the angles of emergence, and as they are only approximate the same is true of the 
paths. They, however, represent fairly well the course of the waves as they travel thru 
the earth to stations at various distances. Following Professor Wiechert’s method these 
paths have been drawn in fig. 27, the full lines representing the first preliminaiy tremors 
and the broken limis the second preliminaiy tremors. The paths have been ^awn for 
the first preliminary tremors leading to distances up to 110° and for the second preliminary 
tremors to 100°; these are the limiting distances to which our hodographs yield fairly 
good values. 

It will be seen that the paths have a very marked curvature, especially those leading 
to stations which are not very distant. The paths leading to points less than 70° distant 
are less curved for the second preliminary tremors than for the first preliminary tremors ; 
but the opposite is true for paths leading to greater distances. The paths of both groups 
leading to this particular distance are practically coincident. As the waves penetrate 
deeper into the earth their paths become less curved ; and the path leading to the antip- 
odes thru the earth’s center would be a straight line. 

‘ Ueber Erdbebenwellen. Nach. d. K. Gesells. d. Wissens. su Gdttingen, Math.-phys. Kl., 1907. 



is by no means true, so that our values for 
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RELATION OF THE VELOCITY TO THE DEPTH BELOW THE EARTH’S SURFACE. 

Professor Wiechert’s method enables us to determine the velocities at different depths 
below the surface. For any point on a given path we have 

r sin i r sin i 

V V 

where r is the distance from the center of the earth, i the angle which the path makes 
with the radius, and v the velocity ; the letters in the second member refer to the same 
quantities at the point where the path comes to the surface. 


Table 12. — Surface Velocities and Angles of Emergence. 


First Prrliminary Trrmorb. 

Sbcond Pbbliminart Trbiiors. 

Distance. 

Surface 

velocity. 

e 

Distance. 

Surface 

velocity. 

e 

e 

Km. sec. 

o 

/ 

o 

Km. sec. 

e 9 

0 

3.9 


rTfM 

0 

2.6 

0 00 

20 

5.5 

44 

51 

20 

2.95 

28 06 


6.9 

55 

19 


3.75 

46 22 

70 

9.4 

65 

46 


5.45 
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no 

13.1 

72 

40 
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In table 12 we have collected together the values for the surface velocities and for the 
angle of emergence e, for points at several distances from the origin ; and from these data 
we can calculate the velocity at the points where the re.spective waves reach their greatest 

depths. At these points the 
paths are at right angles to 
the radius and sin t is 1. The 
value of r can be measured in 
fig. 27 and the value of v de- 
termined. This pro(!(iss was 
carried out and the values of v 
given in table 13 were found. 
Those values were plotted on 
section paper and a smooth 
curve drawn thru them repre- 
senting the velocity as a func- 
tion of the depth. On ap- 
iRoa. 0.9 0.8 07 0.6 0,8 plying these velocities to the 

various parts of each path 

it was found that the time the wave would take to traverse the path did not correspond 
exactly with the time given by the hodograph. The velocities were slightly altered and, 
by the method of trial and error, new values were found which would make the time 
intervals correspond to those given by the hodographs. The changes in the velocities 
were small. These velocities are shown in table 13 in the column headed «, and graphi- 
cally in fig. 28. The velocity increases with the depth below the surface, but more and 
more slowly as the depth becomes greater. There is no indication of a sudden change in 
the velocity, such as wo should expect if there were any sudden changes in the nature of 
the earth’s interior, but it must be remembered that the greatest depth reached by the 
deepest path we have drawn is only about halfway to the earth’s center, and that our 
values, especially for the deeper paths, leave much to be desired in accuracy ; indeed, the 
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Tablb 13. — Veloeitieg of Earthquake Waves at Variom Depths below the Earth’s Surface. 
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results we have reached can only be looked upon as fair approximations to the truth ; 
and we need moni numerous and more accurate determinations of the timcjs of trans- 
mission of earthquake waviis, especially to great distances, before we can reach a satis- 
factory knowledge of the velocity of propagation at various depths. 


INTERNAL REFLECTIONS. 

When the waves of the first two phases come to the surface of the earth they are 
reflected, and a.s the density of the air is iasigniflcant in comparison with that of the rock, 
practically none of the energy escapes into the air. But the mflected energy will be 
divided between two waves, a longitudinal and a 
traasversc, each of which, therefore, will be weaker 
than the original waves.’ Waves will reach a 
given station, S (fig. 29), after a single reflection, 
from three points on the arc. Ixjtwecn the focus 
and the station. The first is the half-way point B ; 
from this point an incident longitudinal wave will 
send a reflected longitudinal wave and an in- 
cident transverse wave will send a reflected 
transverse wave to the station. The second is 
the point C, where the reflected transverse 
waves, due to incident longitudinal waves, pass 
off in the proper direction at an angle of reflec- 
tion smaller than the angle of incidence, becau.se 
their velocity is less than that of the longitudinal. 

The third point is D, where the transverse waves 
are transformed into longitudinal waves, which pass on to 5. There would also be three 
analogous points B', C, D', on the major arc. When we consider waves which reach S 
after two reflections, we see that they may follow many different paths, as they transform 
by reflection from one type of wave to the other; there arc of course two points, situated 
at one-third and two-thirds the distance to the station, where reflections can take place 

* The reflection and refraction of waves in elastic media was first thoroly elucidated by Prof. C. G. 
Knott, “Earthquakes and Earthquake Sounds," Trans. Seismol. Soc. Japan, 1888, vol. xii, pp. 115- 
136; “Reflection and Refraction of Elastic Waves, with Seismological Applications," Phil. Mai^., 
1899, vol. XLviii, pp. 64-97, 567-.569. He has also given a very interesting account of the subject in 
his recently published work, “The Physics of Elarthquake Phenomena." Prof. E. Wiechert has also 
discust this subject (“ Ueber Erdbebenwellen," Nach. d. K. Gesells. d Wissen. zu Gottingen, Math.- 
phys. Kl., 1907). 
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without change of type, and the reflected waves will reach S; similarly the distance may 
be divided up into any number of equal lengths, and waves can be reflected successively 
at all these points without change of type, and reach S. It would be very complicated to 
follow the course of waves of changing type, but the times of arrival at S of waves of 
unchanging type can easily be found. The interval for a singly reflected wave would be 
twice the interval required to go half the distance, and this interval can immediately 
be taken from the hodograph. The interval for a wave which has suffered two reflections 
will be three times the interval required to go one-third the distance, and so on. These 
reflected waves are probably the most imiwrtant cause of the variations of intensity 
during the early phases. The first preliminary tremors are always weak, but the addi- 
tion of the waves after one reflection to the direct waves may make the latter evident, 
when without them they would not be. This seems the case at Cairo, Batavia, and the 
Cape of Good Hope. The times of beginning at these observatories, as given by their 
directors, are within a half minute of the times at which longitudinal waves would I’each 
them after one reflection. 

At the following stations the effects of the longitudinal waves after one reflection can 
be detected at an interval after the beginning which is given in minutes, those being the 
proper intervals as determined from the hodograph: Tacubaya, 0..5 minute; stations in 
Great Britain, 2.5 to 3 minutes ; Upsala, slight, 2.5 minutes; Jena, 3 minutes; Munich, 
slight, 3 minutes ; Gottingen, due in 2.5 minutes ; slight effect in 3 minutes. The small- 
ness of the effects in all these cases, and the fact that the waves are weakened on reflection 
by having a portion of their energy transformed into waves of the other type, make it 
improbable that the effect of longitudinal waves after two or more reflections is at all 
noticeable at very distant stations. 

Horizontal transverse vibrations would suffer no transformation, and as they would 
practically lose no energy by refraction into the air, their amplitudes would diminish 
much rnon; slowly than those of the longitudinal waves ; they should tend, therefore, to 
cause marked variations in the intensity of the seismogram, the vibrations being trans- 
verse to the direction of propagation. Vertical transverse vibrations would suffer 
transformation like longitudinal waves, provided the angle of incidence were sufficiently 
small ; if, however, the sine of the angle of incidence becomes greater than two-thirds 
the ratio of the velocities of the transverse to the longitudinal waves, that is, if the 
angle becomes greater than about 42®, th(iro will be no transformation, and the trans- 
verse waves will be totally reflected as transverse waves. It is quite clear, therefore, 
that they will preserve their intensity far better than the longitudinal waves, and 
indeed will got energy from the latter. 

When we look for the reflected second preliminary tremors on the seismogram, we are 
disappointed that they are not more marked, but nevertheless evidences of them can be 
found on many seismograms. For instance, at Tacubaya the waves reflected once and 
twice coalesce and appear about one minute after the beginning of the second preliminary 
tremors ; the waves reflected once arrive at stations in Great Britain and in Japan from 
4 to 5 minutes after the second preliminary tremors, and those reflected twice in about 6 
or 7 minutes; the latter are not evident on the Japanese seismograms. At Bombay 
the two waves reflected once and twice appear after 9 and 13 minutes ; at Batavia they 
are due after 8.5 and 13 minutes ; indications of them are found after 8.5 and between 
11.6 and 14 minutes ; and many other stations could be cited. It is not entirely beyond 
question that the strengthenings of the seismograms are due to the reflected waves, both 
in the case of the first preliminary tremors and the second preliminary tremors; but 
they occur at the times indicated by the hodograph, and it seems most probable that we 
have interpreted them correctly. 
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There is one group of reflected transverse waves which have especial interest, namely, 
those whose angle of incidence is so large that they experience innumerable reflections, 
that is, they practically creep around the earth’s surface. Professor Knott has sug- 
gested that they are the so-called surface waves.* But there are certain obvious objections 
to this idea. They are, that the speed of propagation could not be less than the speed 
of the transverse waves near the surface of the earth ; this speed appears to be about 
4.8 km./sec., considerably greater than that of the long waves ; again, the energy in the 
surface waves is much greater than in the second preliminary tremors, but possibly the 
distribution of energy on account of the change of velocity, with the depth below the sur- 
face and the retention of energy by the transverse waves creeping along under the 
surface, may account for this ; lastly, observations do not show consistently that the 
surface waves arc made up in large proportion of transverse waves (see page 114). But, 
nevertheless. Professor Knott’s suggestion is a very interesting one, and it is quite pos- 
sible that these objections may be overcome when we have more accurate knowledge of 
the various quantities concerned. 

It is difficult to find the time of arrival of waves reflected once in the major arc. The 
minor arc must be greater than 120° for half the major arc to be less than this value, 
which is the limit to which the hodograph can be relied upon. The first preliminary 
trianors, after reflection in the major arc, arc apparently too weak to be evident on the 
seismogram. It would take about .55 minutes for the transverse waves, reflected once 
on the major arc, to reac,h stations beyond 120° from the origin ; that is, they would reach 
them at about 14'' 07'"; at Bombay the motion becomes most irregular at this time; at 
Batavia there are variations of intensity, but nothing very definite; at Kodaikanal 
and at Perth the seismograms arc stronger at about this time. Altho we can not give 
the exact time at which reflections on the major arc would reach stations at a less dis- 
tance than 120° from the origin, the hodographs show that they could not possibly be 
earlier than the arrival of the regular waves, and, therefore, they are completely masked 
by the much stronger disturbance existing during the regular waves, the principal part, 
and the earlier parts of the tail. 


THE SURFACE WAVES. 

In addition to the times of arrival of the first two phases we have plotted in plate 2 
the times of arrival of the regular waves. The surface waves are spread over many min- 
utes on the seismogram, but as already noted, we have taken as the begiiming of the 
regular waves that i)oint where the irregular movement (which is a part of, or follows, the 
second preliminary tremors) becomes regular, with a long pemod (30 to 50 seconds). 
The plotted positions of these times of arrival lie very closely along a straight line and no 
other simple curve could be drawn which would fit the olwervations materially better. 
To determine the best straight line to use we resort to the method of least squares, but 
as the observations differ veiy much in their reliability, each one is given a suitable weight. 
No elaborate distribution of the weights has been made. The observations which are 
considered good have received the weight 5, those which are fair 3, and those which are 
doubtful 1 ; a few observations which are veiy doubtful have been left out altogether. 
Where several stations have been grouped together the weight of the average is, of course, 
the sum of the weights of the individual stations. Those observations arc considered 
doubtful which, on account of the absence of the seismogram, could not be checkt, or 
in which the seismogram does not show clearly just where the regular waves begin. In 
table 14 we have collected the observations wWch have been used in determining the 
straight hodograph of the regular waves and their weights. 


‘ The Physios of Earthquake Phenomena, p. 266 . 
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Table 14. — Time Intervale and Weighta of Obaervationa for determining the Hodograph of 

the Regular Wavea. 



Station. 

Dibtanck. 

Time 

Interval. 

Weight. 

Station. 

Distance. 


Weight. 



o 

min. 




o 

min. 


1. Sitka .... 

20.72 

10.07 

1 


T(>rt.osa . . 





2. Tacubaya . . 

27.70 

13.15 

3 


Krakau . . 





3. Toronto . . . 

32.93 

15.40 

3 

13. 

Granada . . 


86.01 

41.83 

25 

1 

Washington | 
Cheltonhani J 

35.54 

17.33 

10 


Pavia . . . 

Vienna . . . 





5. 1 

Vinidad . . 


29.50 

1 


Laibaeli . . 





6. 

7. 

Paisley . 
Edinburgh 
Tokyo 
Bidston . 


72.76 

74.37 

35.20 

34.78 

10 

6 

14. 

Zagreb . . . 

Pola . . . 

Quarto-Cas- 
tcllo . . . 


88.16 

40.95 

5 


Upsala . 






Zi-ka-wei . . 






Snide . . 





15. r 

Locca di Papa . . 

90.48 

45.03 

1 

8. 

Osaka. . 


77.27 

37.37 

25 

16. Ischia .... 

91.84 

43.93 

1 


Kobe . . 





17. (^aggiano . . . 

92.63 

44.30 

3 


Kew . . 





18. Sofia 

93.58 

44.63 

1 

9. 

Hamburg 


80.28 

39.03 

6 


95.04 

43.93 

3 

Irkutsk . 


20. Wellington . . . 

97.62 

49.70 

1 


Potsdam . 





21. Calamati' . . . 

98.28 

49.63 

1 

10. 

Gottingem 
Coimbra . 


81.37 

38.65 

15 


100.43 

48.50 

2 

11. 

Leipzig . 
Jena . . 


82.43 

38.80 


23. Calcutta .... 

24. Bfunbay .... 

112.72 

121.19 

53.10 

59.30 

1 

3 

12. ^ 

[unich . . . 

84.75 

39.25 


25. Batavia .... 

124.99 

61.90 

5 






26. Perth .... 

132.37 


5 






27. Cape of Good Hope 

148.63 

81.00 

1 


The observatioas used eoine from 47 stations, but they are only represented on the 
plate by 27 iwints, on account of the grouping together of stations at very nearly the 
same distance from the origin. The hodograph is determined from nearly twice as many 
stations as would be inferred from a cursory glance at the plate. We can not assume that 
the straight hodograph, determined from these observations, passtis thru th(i origin ; but 
we seek the position of a straight line in general which will best fit the observations. 

The general equation of a straight line is y = mx + h. In this case y is the time of 
arrival of the long waves, x the distanc<i of the station from the origin in degrees, m the 
reciprocal of the velocity of transmission, and b the point where the line cuts the axis of 
y ; — b/m is the point where it cuts the axis of x. On working out, by the method of 
least squares, the most probable values for m and b according to the weighted observar 
tions, we find 

m = 0.494 min./deg. 6 = — 0.91 min. i/m = 2.03 deg./min. 

The velocity of the; regular waves 1/m is (qual to 2.03 deg./min., or 3.75 km./sec. ; 
and the point where the line crosses the axis of x is given by — b/m, which equals 1.84° 
or 205 km. These are the most probable values of the quantities concerned as deduced 
from the observations, but they are the result of a very limited number of observations 
and might be modified by results obtaimid in other earthquakes; and therefore we can 
not suppose that the constants are very accurately determined. On the other hand, 
the observations are in fair agreement with each other and therefore the results can not 
be very far wrong. 

The fact that the straight line does not pa&s thru the origin, but crosses the axis of x 
at a distance of 205 km. from the origin does not mean that the regular waves start at this 
point at the time of the shock. Indeed, we have no observations at all along this part of 
the line, but there is a very simple explanation of the fact that the line docs not pass 
thru the origin. This is that the regular waves arc generated by one of the first two 
phases at the surface of the earth at a short distance from the origin. The point and 
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time at which the waves are brought into existence would be one of the two points where 
the hodograph of the regular waves crosses the hodographs of the first two phases. If 
the regular waves are started by the first preliminary tremors, this point would be at a 
distance of 3.88° or 431 km. from the origin; and the waves would begin there 1 minute 
after the shock occurred. If they were started by the second preliminary tremors they 
would originate at a distance of 8.41° or 935 km. from the origin and 3.25 minutes after 
the occurrence of the shock. It seems probable that the surface waves are due in a 
greater degree to the transverse than to the longitudinal waves, on account of their 
greater amplitude. As pointed out by Lord Rayleigh,^ the surface waves expand along 
the surface in two dimensions, whereas the other waves expand thru the body of the 
earth in three dimensions; the former, therefore, decrease in amplitude much more 
slowly than the latter and at distant statidhs cause a greater movement than the prelimi- 
nary tremors which started them. 

This would account for the preponderance of transverse motion in the principal part 
of the recorded disturbance, which has been observed in some cascjs. We must not 
infer, however, that there are no surface waves neann the origin than the points we have 
designated ; on the contrary, it is extremely probable that surface waves will be started 
at all parts of the surface within these distances when the earlier j)hases arrive there; 
but as the latt(*r travel more rapidly than the former, new surface wavcis will be originated 
in front of them and will always lead them in their passage around the world. It se(>nis 
probable that tlw! regular waves are the leaders of the surface wav(!S ; hence their 
importance. If there are others which precede them, they are very irregular and their 
beginning does not produce a sufficiently definite point on the seismogram to be generally 
recognizable. 

The straightness of the hodograph of the regular waves shows that the velocity of 
propagation is uniform along the arc, and therefore it is practically certain that the waves 
travel along the surface of the earth and we can apply our equation to determine the; 
time of arrival at any point on th(5 surface when we know its distance from the origin. 
We thus find 88 minutes as the time necessary to travel 180° to the antijwdes. 


PKOPAGATK)N ALONG THE MAJOR ARC. 


We could find, from the equation, the time necessary to reach any station by the major 
arc. This would ai)ply only to the regular waves, but other surface wavcis, moving with 
smaller velocities, would take longer times to reach the station. Waves of so many 
velocities occur that we can not work out the hodographs of them all ; and we do not 
know at what points they start, but it is probable, as in the case of the regular waves, 
that they start very near the origin and that their velocity will be given with a sufficient 
approximation by dividing the distance of the station by the time interval of thdr arrival 
after the occurrence of the shock. With this method it is very easy to find the time 
interval of the arrival of waves having the same velocity by the major arc. Let T repre- 
sent this interval and t the interval by the minor arc ; let d be the distance in degrees by 
the minor arc ; then we find, very siniply, 

, 360° -d {T -t)_ f(180° - d) 
d 2 d 


These expressions do not contain the velocity explicitly, and apply to surface waves 

having any constant velocity. The quantities — - and — - are constantfor each 

a d 

station ; and we merely have tomultiply the first by t, the timeinterval of the surface waves 
by the minor arc, to obtain the interval after which the corresponding waves would arrive 
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by the major arc ; or we may find the interval between the arrivals of the waves by the 
two routes by multiplying the second quantity by 2 t. This process can be carried out 
graphically with ease for seismograms having a small time scale, such as those of Milne 
pendulums. Mark on the seismogram (fig. 30) the point o, the moment when the earth- 
quake occurred at the focus ; at any point, as for instance p', erect a perpendicular 

p'e', equal in length to op' draw a straight line ©o', and produce it; the 

a 

height pe of this line above any point p of the seismogram will represent half the inter- 
val after p, before the arrival of the surface waves by the major arc, corresponding to 
those which, following the minor arc, are recorded at p. If we cut from a sheet of paper 



KK, a triangle abc, such that ac equals 2 ab, and place the triangle so that ac lies along the 
medial line of the seismogram, the point c will mark the place where the major arc waves, 
corresponding to the minor arc waves recorded immediately under the point where be cuts 
oe', will be recorded ; by this device the whole seismogram can be examined in a few 
minutes. This method must be modified to apply to seismograms with open time scales, 
and it then requires a very large space; it is simpler, with suc-h seismograms, to calculate 
T directly, with a slide-rule, from the first expression given above. When we apply this 
graphical method to the Milne seismograms we find, in the majority of cases, that there 
arc marked swellings on the seismogram at the time the waves of the strong motion would 
arrive by the major arc. The seismograms of instruments with open time scales yield 
much less definite results ; indeed, in the majority there is no sufficiently well-marked 
increase in amplitude to make one certain that the major arc waves have produced any 
sensible effect. 

The seismograms yield various results, as follows : 

Honoltdu. — The swellings from 16** 00“ to 16** 18“ mark waves arriving by the 
major arc corresponding to the strongest motion of the direct minor arc waves. If the 
strong motion recorded at 14** 30“ is due to surface waves, the corresponding major arc 
waves would appear at 24**, long after the record was over. A small disturbance lasting 
for an hour is reported about 45 minutes after this time. If the movement mentioned is 
really due to surface waves arriving by the minor arc, their velocity of propagation would 
be about 1 km./sec., which is so extremelyslow that weare led to discard this explanation 
of its origin. 
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San Fernando. — The strong group at 15*^ 43“ is due to major arc waves corresponding 
to the strongest part of the motion. 

Kew. — Major arc waves arrive at Id** 08“. Upsala and Kobe show nothing. 

Paidey. — ^jor arc waves would be expected at IB’* 05“. There are many beads in 
this part of the seismogram, but none especially strong. The very strong swelling, 16** 
13“ to 16** 22“, corresponds to minor arc waves arriving 4 minutes after the end of the 
strongest motion. 

Edinburgh. — Major arc waves at 16*^ 08“ and 16** 11“. 

BidsUm. — Major arc waves from 15** 40“ to 16** 00“ ; but the earlier and equally 
strong beads would correspond to much smaller direct waves. 

Tokyo. — Professor Omori places the arrival of the major arc waves at /, 15** 31“. 
They would correspond to the direct waves arriving at 13** 48.5“. 

Coimbra. — Major arc waves arrive at 15** 40“. The swelling at 15** 21“ corresponds to 
the beginning of the long waves which are apparently not so strong. There is a slight 
increase in intensity at Gottingen at 15** 40“ and 15** 48“. The latter is also apparent 
at Coimbra. There is no evidence of major arc waves at Jena. 

Irkutsk. — The major arc waves would be expected at a point on the seismogram oppo- 
site the last hour mark, but nothing appears. 

Vienna. — Major arc waves are due at 15** 32.5“ but the seismogram at this point 
does not differ from the previous part of the record. 

Wellington. — The large swellings before x and after d are the major arc waves corre- 
sponding to the two large swellings on each side of e, but the major arc waves due to the 
large movement at 14** 25“ are not evident. 

Bombay. — Major arc waves should appear at the gap in the seismogram. The strong 
swelling at 15** 10“ corresponds to the beginning of the long waves, but it is so much 
stronger than the record of the direct waves that we can not correlate them. 

Batavia. — Nothing definite appears at 15** 14.5“ and 15** 39“, when the major arc 
waves would be expected. 

Perth. — There are so many swellings that it is not possible to identify positively the 
major arc waves. The large swelling at 15** 05.5“ corresponds to the beginning of the 
long waves at 14** 18.3“, but it is so much stronger than the direct waves that we can not 
consider it related to them. 

If we attempt to find the major arc waves corresponding to the direct waves which 
produce the lai^est earth-amplitudes, as they are given in table 19, page 138, we find the 
evidence of their existence entirely negative. The times of arrival of the direct waves and 
the major arc waves at several stations are contained in the following table : 

Table 15. — Times of Arrival of Corresponding Minor and Major Arc Waves, 


Station. 

Mznob Arc 
Wavkb. 

Major Arc 
Waves. 

Upsala 

G&ttingen .... 

\ 

Jena J 

Vienna 

Batavia | 

m. §, 

13 51 

13 53.5 

13 55.5 

13 59 

14 17.5 

14 36.5 

m. «. 

15 36 

15 38 

15 37.5 

15 59.5 

15 14.5 

15 39 


There are throe stations situated practically on the same great circle passing thru the 
origin: Coimbra (81.4°), San Fernando (85.3°), and Wellington (262.4°), and they all 
have Milne pendulums. The major arc waves which arrive at Wellington at 15** 36“ 
cause the latter part of the strong motion at Coimbra at 13** 57“. They should appear at 

X 
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San Fernando at IS** 59", and probably are indicated by the strong motion a minute 
earlier; the major arc waves arriving at Wellington at 15'‘ 52" appear at Coimbra at 
14 b cause the strong motion at San Fernando at 14** 04". The direct waves 

at Wellington at 14*' 07" and 14'‘ 12.5" are due at San Fernando at 15'‘ 41" and 
15** 50" and are undoubtedly represented by the strong swelling about 15** 43“ ; they are 
due at Coimbra at 15** 43“ and 15** 53“ ; these are weak parts of the curve, but prob- 
ably the swellings a few minutes earlier than these times represent the waves we 
are considering. 

We must conclude, from the foregoing survey, that altho the strong motion arriving by 
the major arc makes itself evident at some stations, perhaps on account of synchronism 
of its period and that of the recording instrument, at other stations it can not be detected. 
The small time scale of the Milne seismograms is much better adapted for identifying the 
major arc waves than the open time scale of other instruments. 

EQUALITY OF VELOCITIES ALONG DIFFERENT PATHS. 

As already pointed out, all the distant stations had instruments of low magnifying 
power and apparently were too late by various amounts in recording the shock ; so we 
must confine our attention to stations less than 100° distant. On comparing the times of 
arrival of the various phases (given in table 7, page 116) at stations nearly equally distant, 
we can not find any differences, greater than the errors of observation, which might be 
dependent upon the direction of the station from the origin ; and this applies to all three 
phases of the motion. Thus, Honolulu receives the second preliminary tremors a little 
earlier than the observations at stations in the east of North America would lead us to 
expect (see hodograph, plate 2 ), but the first preliminary tremors arrive at the expected 
time. The paths to Honolulu and these stations are totally different, the first being under 
the Pacific and the other across the continent of North America, as shown in plate 1. 

The Japanese, on the one hand, and the British and Scandinavian stations, on the other, 
arc about equally distant from the origin ; the path to the former lies under the deep 
Pacific, that to the latter across North America, Greenland, and under the shallow North 
Sea ; but we do not find a greater difference between the times of arrival at these two groups 
of stations than we do between the individual stations of the same group. 

Irkutsk and Jurjew are at practically the same distance from the origin; the path to 
Irkutsk passes under the Pacific, across Alaska and northeastern Asia ; the path to Jurjew 
crosses North America and Greenland and continues under the North Sea ; yet the times 
of arrival at the two stations are within a very few seconds of each other. 

We conclude, therefore, that the velocity of propagation is independent of the position 
of the projection of the path on the earth’s surface; or, at least, is too little affected by it 
to be detected by our observations. 

COMPARISON OF THE HODOGRAPHS OF THE CALIFORNIA EARTHQUAKE WITH 

OTHER OBSERVATIONS. 

When we compare the hodographs obtained from the California earthquake with those 
given by Professor Milne in 1902 * and with those of Professor Oldham, 1900,* we find that 
our times of arrival of the first and second preliminary tremors are, for the greater part of 
the curves, about 2 minutes earlier. This appears to be due to lack of accuracy in the 
earlier observations, and a glance at the earlier diagrams will show that the curves are 
drawn from observations differing greatly among themselves. 

* Report Scis. Com. B. A. A. S., 1902. 

* On the Propagation of Earthquake Motion to Great Distancea. Phil. Trans. R. S., 1900-1901, 
vol. 194, pp. 13&-174. 
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The hodograph of the “large waves" of Professor Milne in the earlier observations does 
not refer to the same surface waves as those which are here tabulated as regtdar waves, 
but to the time of maximum displacements on the seismograms. The position of the maxi- 
mum is very largely dependent upon the proper period of the recording pendulum, and 
the instruments whose records we have of the California earthquake differed so greatly 
in this respect that it is not possible to identify as a maximum any characteristic part of 
the disturbance, except for a limited number of seismograms. 

In his very interesting memoirs on the propagation of earthquake motion. Prof. G. B. 
Rizzo gives hodographs of the two Calabrian earthquakes of September 8, 1905, and 
October 23, 1907. The former was a severe earthquake and was recorded all over the 
world. The latter was much smaller and satisfactory observations were only obtained up 
to distances of about 22*^. The hodographs of the first and second pr elim inary tremors 
agree very well with my curves, except about 20° and in the immediate neighborhood of 
the origin, where Professor Rizzo has made his curve convex upward to represent the 
assumed changes in surface velocity; and he has measured his times from the estimated 
time of arrival of the disturbance at the epicenter, whereas I have measured time from the 
actual time of occurrence of the shock at the focus, and have assumed the velocity of 
7.2 km. per second for short distances from it. 

Professor Omori, in his very complete account of the seismograph records of the Kangra 
earthquake of April 4, 1905,‘ gives the hodographs of the first and second preliminary 
tremors and a later phase of the principal part ; the latter, however, does not correspond 
to the regular waves which I have recorded. The hodographs of the first two phases 
correspond fairly well with those of the California earthejuake* up to distances of about 60° 
for the first preliminary tremors and 90° for the second preliminary tremors ; but beyond 
they diverge greatly. It is rather curious that the observations of the Indian earthquake 
are most numerous between 37° and 60°, in which interval there is but one observation of 
the California earthquake; whereas, between 70° and 100°, where the great majority 
of the observation.s of the California earthquake lie, there are but four very unsatisfactory 
observations of the Indian earthquake. The cause of the dLsagreement between the 
observations at the greater distances is very evident. All the observations of the Indian 
earthquakes at distances greater than 60° are made with instruments of very low magnify- 
ing power, and it is hardly possible that the true beginning of the disturbance has been 
recorded. With regard to the second preliminary tremors it is a question of the interpre- 
tation of the seismograms. Of the four observations which Proftesor Omori uses beyond 
90° three are from Basch-Omori 10 kg. instruments, and I think it quite impossible from 
an examination of their seismograms to determine where the second preliminary tremors 
really began. The other record, at Wellington, was made by a Milne pendulum, and the 
time I take to mark the arrival of the second preliminary tremors is nearly 10 minutes 
earlier than that taken by Professor Omori, and is between 2 and 3 minutes later than my 
curve would lead us to expect. The record at Christchurch, 0.7° nearer the origin, is 2.5 
minutes earlier. The Milne seismograms from Victoria, Toronto, Baltimore, and Christ- 
church (from 97.7° to 115°) are not used by Professor Omori in making his hodograph of 
the second preliminary tremors, tho he reproduces them among his plates. As 1 read 
them, the times of arrival of the second preliminary tremor are in fair agreement with 
my curves and are from 8 to 12 minutes earlier than the times adopted by Professor 
Omori for similar distances. He is thus led to nearly linear hodographs of the first and 
second preliminary tremors, and consequently to a linear relation between the distance 
of an earthquake origin and the duration of the first preliminary tremors. 

^ Report on the Great Indian Earthquake of 1905. Pub. Earthquake Investigation Committee in 
Foreign Languages, Nos. 23 and 24. 

’ Professor Omori also gives the velocities obtained from the California earthquake in the same report, 
but he has taken the time of the shock a half minute too early. 
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Tablb 16. — TranmtMaUm Inlervalt (in minutes) for Three Earthquakee. 


Dibtancs. 

Fibbt Pbblxiunart Tbbmom. 

SacOND PBBLXMIMABT TbBMOBB. 

Indian. 

Calabrian. 

California. 

Average. 

Indian. 

Calabrian. 

California. 

Average. 


o 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

10 

2.6 

2.24 » 

2.4 

2.41 

4.6 

4.06 

3.85 

4.17 

20 

4.5 

4.26 ‘ 

4.3 

4.35 

8.4 

8.05 

7.6 

8.02 

30 

6.2 

6.12 

6.1 

6.14 

11.3 

11.26 

10.9 

11.15 

40 

7.6 

7.35 

7.7 

7.55 

13.9 

13.80 

13.8 

13.83 

50 

9.0 

8.51 


8.84 

16.2 

16.24 

16.3 

16.25 

60 

10.6 



.... 

18.9 

18.68 

18.6 

18.73 

70 

12.2 

10.78 

11.35 

.... 

20.7 

21.12 

20.6 

20.81 

80 

13.9 

11.89 

12.3 


24.7 

23.67 

22.25 

.... 

90 

15.7 

13.00 

13.25 


27.5 

26.00 


.... 


17.3 

14.11 

14.2 


1 30.4 

28.56 

25.6 

— 


In table 16 have been collected the transmission intervals in minutes for the first and 
second preliminary tremors of the Indian earthquake of April 4, 1905, the Calabrian 
earthquake of September 8, 1905, and the California earthquake of April 18, 1906. The 
data for the Indian earthquake are taken from plates in and iv of Professor Omori’s report, 
that of the Calabrian earthquake from table 2 of Professor Rizzo’s first memoir,^ and that 
of the California earthquake from table 11, page 120 of this report. A very close 
agreement exists up to 50° for the first preliminary tremors and up to 70° for the second 
preliminary tremors, with the exception of the interval at 20°, and we may* accept the 
averages given as representing to a very fair degree of accuracy the time intervals 
necessary to travel the corresponding distances. The four intervals marked arc from 
Professor Rizzo’s second memoir* and refer to the Calabrian earthquake of October 
23, 1907; they are a little shorter, and I think a little more accurate, than the 
corresponding intervals for the earlier earthquake. 


DETERMINATION OF THE DISTANCE OF THE ORIGIN OF AN EARTHQUAKE. 

Professor Milne in 1898* showed that the distance of an earthquake from the recording 
station could be determined by the interval of time between the beginning of the disturfan 
ance and the arrival of the large waves, and he drew a preliminary curve to represent this 
relation. In 1902^ he gave more accurate results based on more abundant data. Pro- 
fessor Omori has followed up this subject and has drawn curves and given equations to 
determine the distance of the origin from the duration of the first preliminary tremors and 
from the interval between the first preliminary tremors and the long waves.* His rela- 
tions are linear, one equation being given for near origins and a second for distant origins. 

In fig. 31 curves are drawn which are taken directly from the hodographs in plate 2 and 
show the interval elapsing between the first and second preliminary tremors, between the 
first preliminary tremors and regular waves, and between the second preliminary tremors 
and regular waves. These three curves are of course not independent; any one of them 
could be deduced directly from the other two. By means of them a typical seismogram 
will give two independent determinations of the distance of an earthquake origin. These 

* Nuovo Contributo alio Studio della Propagazione dei Movementi Sismicii Acad. R. d. Scienze di 
Torino, 1907-1908, vol. lix, p. 415. 

* Sulla Velocity di Propagazione della Onde Sismiche, Acad. R. d. Scienze di Torino, 1905-1906, vol. 

LXVII. 

* Report Seis. Com. B. A. A. S., 1898. 

* Same, 1902. 

* Pub. Earthquake Investigation Commission in Foreign Languages, Nos. 5 and 13, Bull. Imperial 
Earthquake Investigation Commission, vol. ii, pp. 144-147. Also Report on the Great Indian Earthquake 
of 1905. Publications, etc.. No. 24, pp. 179-186. 
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curves have a certain advantage over 
most similar curves heretofore given 
because the time and origin of the 
California earthquake are known to a 
higher degree of accuracy and because 
more and better instruments have re- 
corded this shock than were in use in 
earlier times. Nevertheless, they are 
free-hand curves, and the observations 
not perfectly concordant, both of 
which facts reduce their accuracy. 
Moreover, the duration of the first 
preliminary tremors increases very 
slowly with the distance from the 
origin, which makes the determination 
of the distance by means of the in- 
terval rather inaccurate. It will be 
seen that the lines are not straight, 
altho their curvatures are not very 
great. The interval bestween the first 
and second preliminary tremors are 
given from the origin, because both 
these phases apparently begin therci, 
but the curves dependent upon the 
regular waves start about 10° from 
the origin; the first observation we 
have of the regular waves is at a dis- 
tance of about 20°; and the parts of 
the curves nearer the origin arc drawn 
on th(! supposition that the hodograph 
of the regular waves continues as a 
straight line to within 10° or so of 
the origin. 

Th(< time of the occurnmee of the 
shock, and therefore the early part of 
the hodographs, is based on the as- 
sumption that the vehnuty of the first 
prelinjinary tremors is 7.2 km ./sec. 
near the origin, and that of the S(‘cond 
preliminary tremors in the same region, 
4.8 km./ sec. These values fit very 
well into the general curves of the 
hodographs; but that would also be 
true of values differing 10 or 15 per 
cent from th(!m ; but it would hardly 
be true for values differing more than 
this. 

The duration of the first preliminary 
tremors docs not depend upon these 
values, but upon the record at Mount 
Hamilton, where it was 9 seconds. 


DURATION 



MINUTES 
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Mount Hamilton is about 128 km. from the origin, and if we assume that for distances 
of a few hundred kilometers the duration of the first preliminary tremors is proportional 
to the distance which the approximate straightness of the hodographs of the first two 
phases near the origin indicates, we find the following relation between the distance d 
and the duration t' of the first preliminary tremor: 

d (km.) = 14.2 f (sec.). 

As the position of the origin is not known nearer than 20 km. the number in the second 
member may lie anywhere between 12 and 16.2. 



PEBI0D8 AND AMPLITUDES. 


The study of the seismograms reveals the periods of the vibrations in different parts of 
the disturbance as recorded at a number of stations. The actual amplitude of the earth 
movement can only be determined by a calculation which depends upon the period of the 
waves, the period of the pendulum, and the constants of the instruments. The calculation 
is made in accordance with the formulas, equations 79 or 81, page 169. In many cases the 
period of the pendulum is the same as that of the vibration and then, if there is not very 
strong damping, the magnifying power becomes indefinit^y large and is undeterminable ; 
this is the condition at many stations where large movements are recorded by the seis- 
mographs ; but it has been possible, in a number of cases, to determine roughly the true 
movement of the ground. The amplitudes on the two components at right angles to each 
other do not always reach their maxima at the same time; it sometimes happens that the 
movement is alternately strong on one component and the other. This was the case 
at Porto Bico, Upsala, and Pavia. Even when the maxima occur on the two components 
at the same time, one does not always get the true amplitude of the earth’s motion by 
taking the square root of the sum of the squares of the two components, for the difference 
of phase has an influence ; but this is the only method we can use, and the quantities 
given in the column headed “Poss. total” in table 19 were obtained in this way. 


DURING THE PRELIMINARY TREMORS. 


The vibrations during the first preliminary tremors fre<iuently have periods in the 
neighborhood of 5 seconds ; other periods were also present, but were not so persistent. 
At Jurjew the period during the first preliminary tremors was 29 to 30 seconds. It seems 
as tho there were many periods present and that the period which was close to that of the 
instrument was singled out and made prominent. At Sitka a period of about 17 seconds 
was shown. 

During the second preliminary tremors vibrations of various periods were also present, 
but those which had the largest amplitude seem to be about 15, 20, and 28 seconds. 


Table 17. — Periods and Amplitudes during the Preliminary Tremors, 


Station. 

Distance. 

Direction or 
Approach. 

Sitka . . . 

o 

20.72 

km. 

2302 

N. 27 

Ottawa . . 

35.37 

3930 

N. 85° W. 

Washington . 

35.44 

3937 

N. 75° W. 

Upsala . . 

76.80 

8533 

N. 29» W. 

Osaka . . . 

77.30 

8589 

N. 55® E. 

Jurjew . , 

80.27 

8918 


Potsdam . . 

81.35 

9039 

N. 37® W. 

Irkutsk . . 

80.82 

.... 


Gottingen . 

81.36 

9040 

N. 39® W. 

Leipzig . . 

82.40 

9155 

N. 38® W. 

Jena . . . 

82.45 

9161 

N. 39® W. 

Munich . . 

84.75 

9417 

N. 39® W. 

Vienna . . 

86.37 

9596 

N. 37® W. 

Batavia . . 

124.99 

13887 

N. 50® E. 


Component. 

First Preliminary 
Tremors. 

Second Preliminary 
Tremors. 

Ampli* 

tude. 

Period. 

Ampli- 

tude. 

Period. 

Time. 

North . . 

mm. 

0.48 

tee. 

17 

mm. 

0.215? 

aee. 

15 

h. m. 

1 North. . 

0.004 

6.7 ‘ 

.... 


• • ■ ■ 

[ Ea.st . . 

0.005 

6‘ 



• • • • 

worth . . 

.... 

.... 

0.2i 

28 

13 26 

North . . 

EHI 

4 

0.37 

19 

13 44 

East . . 

0.01 

5 







.... 

. , 


( North . 


5 

0.17 

23 

13 36 

1 East . . 


.... 


27 

13 45 





, , 

.... 

f East . . 


1,2,5 

o.6ii 

16 

13 36 

1 Vertical . 


5,8 

• > • • 

, . 

.... 

North . . 

gt 1 tn/ti 

5,9 



13 36 

East . . 

EiSEI 

4,8 





North. . 

1 lllsrl 

4, 10 

5 

o.ii 

19 

13 36 

North. , 

0.0023 

0.0155 



East . . 

0.0023 

5 

iilnTTOl 

15 

13 36 

North. . 

0.022 

5 

■ • • • 

, , 

.... 

East . . 

0.018 

5 

.... 

, , 

.... 

North . . 

0.0056 

5, 8, 10 

0.006? 

10 

— 


* Uncertain on account of cloaoneH of perioda. 
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The amplitudes recorded are very small and are not very regular. The nearest point 
where a determination could be made for the first preliminary tremors was Sitka, and there 
the earth-amplitude was just imder 0.5 mm. At Ottawa it had already diminished very 
greatly, being about one-hundredth as much for both components. These values are 
somew^t uncertain, as the periods were very near those of the pendulums. Table 17 
shows the amplitudes at a number of stations; in general they lie between 0.002 mm. 
and 0.02 mm. The reason for the absence of a progressive diminution is not at all clear. 
It does not seem to be sufficiently accounted for by differences in the foundation. It is 
possible that the discordance may be largely due to inaccuracy in the constants of the 
instruments, especially the omission of the solid friction, and also, possibly, to the 
application of the formula to parts of the record where the movement has not been 
sufficiently regular for the fonnula to apply accurately. 

During the second preliminary tremors there is a very large increase in the amplitude, to 
about 10 times that of the first preliminary tremors ; we find the same kind of irregularity 
in the amplitudes at successive stations but we do not find the proportion between the 
amplitudes of the first and second preliminary tremors constant ; at Leipzig, the amplitude 
of the second preliminary tremors was 10 times that of the first preliminary tremors, 
whereas at Jena it was 20 times as great. This probably indicates a lack of accuracy in 
the determination of earth-amplitudes. 

DURING THE REGULAR WAVES AND THE PRINCIPAL PART. 

In the megasdsmic district. — The temporary nature of the vibrations makes it irapo.s- 
sible to get satisfactory measures of the amplitudes, unlo.s8 a permanent record of some 
kind is made. There are, fortunately, a few such records which enable us to form a rough 
conception of the amount of the movement. 

Professor Omori, guided apparently by the damage done, estimates that, on the filled-up 
grounds of San Francisco, the amplitude of the vibration was 50 mm. (2 inches), and the 
period 1 second.* The distance from the fault was about 14 km. 

On the rock at Berkeley Observatory (distant 30 km.) the vertical component of the 
amplitude was 23 mm. (1 inch), and the horizontal component, according to the Ewing 
duplex pendulum, more than 11 mm. 

At Mare Island (distant 40 km.) Professor See estimated the horizontal amplitude in the 
soft made ground at 50 to 75 mm. from the displacement of loose dirt about piles which 
supported buildings (vol. i, p. 212). 

At a number of stations in the mcigaseismic district, given in table 18, which were pro- 
vided with simple instruments, the amplitude of the movement was greater than th(i 
instruments could record, that is, in general, was greater than 10 mm. ; and it is prob- 
able that it was several times greater. 


Table 18. — Amplitudes in the Megaseismic District. 


Station. 

Distance 

Fault. 

FROM 



Component. 

Displacement. 


km . 



mm . 

Los Gatos 

6 


Horizontal 

6+ 

San Francisco .... 

14 


Horizontal 

50 

San Jose 

18 


Horizontal 

10+ 

Oakland 

24 


Horizontal 

10 + 

Alameda 

29 


Horizontal 

10+ 

Berkeley 

30 

{ 

Vertical 

Horizontal 

23 

11 + 

Mount Hamilton . . . 

35 

{ 

North-south 

East-west 

40+ 

40+ 

Mare Island 

40 

Horizontal 

50 to 75 

Carson City 

291 


Horizontal 

11 


' Bull. Imperial Elarthquake Investigation Commission, vol. 1, p. 19. 








PERIODS AND AMPLITUDES. 


137 


At Mount Hamilton (1.16° or 129 km. from the origin and 35 km. from the fault) the 
3 componoit Ewing instrumcmt indicated amplitudes, both in the north-south and 
east-west directions, greater than 40 mm. 

At Carson City (2.62° or 291 km.) the horizontal amplitude was about 11 mm. in all 
directions. 

Beyond the megaseismic district . — Wo have collected in table 19 the periods and the 
greatest earth-amplitudes at all the stations for which wo have sufficient data to detor- 
inino these quantities. In a few cases they are taken directly from published reports. 
At many stations there was so close a correspondence between the period of the vibra- 
tions and that of the pendulum during the very strong motion that it was impossible to 
make any determination of the earth-amplitude. 

It will be seen that the jjeriods of vibration during the regular waves were, in general, 
not very far from 30 seconds, tho in a few cases they were 10 or 12 seconds less, and in 
a few 10 or 20 seconds more. During the principd part the periods were principally 
between 17 and 25 seconds. 

Where we have determinations of the earth-amplitude during both the regular waves 
and principal part at the same station, the former seems to be somewhat the larger, altho 
the instrumental record on the seismogram is almost always larger during the principal 
part. This is due to the variations in the magnifying power of the instrument on account 
of difference in periods. 

Altho the amplitudes do not diminish regularly with the distance from the origin, never- 
theless with the exception of a few abnormal values, which are not understood, there is in 
general a reduction of amplitude with the distance. In the megaseismic region we found 
that these amplitudes were 50 mm. or more; at distances of 30° to 50° they have dimin- 
ished to about 5 mm., and we must go as far as 100° or so to find amplitudes ktss than 
1 mm. We see, therefore, that tho great world-shaking earthquakes cause movements 
of the earth at great distances wliich are by no means inconsiderable, and the only reason 
why they are not felt is that the period is very long, and, then^fore, the movement too 
slow to make them evident to our senses. 

In attempting to determine the depth of the fault (page 13) we were led to assume 
that the energy is sent out from the fault-plane proi)ortionally to the cosine of the angle 
between the direction of propagation and the normal. Altho this will probably hold 
approximately in the neighl)orhood of the fault, it does not hold at a distance, where the 
distribution of the energy, so far as we can tell from the altogether uasatisfacitory deter- 
minations that could be made, is entirely independent of the direction from the origin. 
For instance, Sitka and Tacubaya, whose Erections make angles 16° and 29°, respectively, 
with the direction of the fault, have apparently instrumental amplitudes similar to those 
of the stations in the eastern part of North America, whose direction is nearly at right 
angles to the fault-plane. Pilar, Argentina, and the Cape of Good Hope, whose directions 
make angles of 12° and 51° with the fault, gave very small records, whereas Mauritius 
(nearly 35°) gave a much larger record. Calcutta, Kodaikanal, and Bombay (5° to 16°) 
also gave much larger records. 

In looking over the table of earth-amplitudes, to compare the results between stations 
at about the same distances from the origin, but in different directions, we find the 
irregularities so great that no satisfactory conclusions can drawn. We notice, how- 
ever, that Zi-ka-wei had about the same amplitude during the principal part as Carlo- 
forte and Sarajevo ; and that the amplitudes at Sofia, Catania, and Manila do not differ 
greatly during the regular waves ; but these comparisons carry very little conviction with 
them, because of the great variations between the amplitudes at various European sta- 
tions, which do not differ greatly in their distances from the focus nor in their Erections 
from it. 
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Tabljb 19. — Periods and AmjdUvdM during the Regular Wavee and the Principal Part. 



Rboulab Wavui. 


Pbxncxfal Pabt. 




Cheltenham . 35.64 1 

Upsala . . 76.80 { 


Potsdam . 


Gottingen 


Leipzig . 


Strassburg 
Tortosa . 
Pavia . . 


Triest . . . 

Budapest 

O'Gyalla 

Florence (Xi- 
meniano) . 

Zagreb . . 


Quarto- 

Castello 

Zi-ka-wei 


82.40 { 
82.45 1 
84.75 1 
82.01 •[ 
85.65 
86.20 { 

86.37 { 
87.74 j 


88.08 1 
88.23 1 
88.33 1 
88.33 1 
88.40 1 
88.49 1 


RoccadiPapa 90.48 < 


Carloforte 
Sarajevo . . 

Caggiano . . 

Taihoku . . 
So6a . . . 

Messina . . 


92.63 { 


Catania . . 95.04 I 

Taschkent . 90.86 / 

Manila . . 100.46 •[ 
Batavia . . 124.99 



North .... 
East .... 
North .... 
East .... 
North ‘ . . . 

North* . . . 
East* . . . . 
North * . . . 

North < . . . 

East" . . . . 
Vertical . . . 
North .... 
East .... 
North .... 
East .... 
North .... 
East .... 
North 30** east . 
East .... 
Average . . . 
Northeast . . 
Southwest . . 
North .... 
East .... 
North .... 
East .... 
Vertical . . . 
North* . . . 
North • . . . 

East* . . . , 
North • . . . 

East* . . . . 
North • . . . 

East* . . . . 
North • . . . 

East * . . . . 
North .... 
East .... 
North .... 
East .... 
East .... 
East .... 
Northwest . . 
North .... 
Ekist .... 
Northwest , . 
Northeast . . 
North . . . 
East .... 
East .... 
East .... 
Northwest . . 
Northeast . . 
East . . . . . 
North .... 
Northwest . . | 
Northeast . . 
Vertical . . . 
Northeast . . 
Northeast . . 
Northwest . . 
North* . . 
East * . . . . 
lEast-northeast . j 
North-northwest 
North .... 


Pom. 

total. 

Period. 

Time. 

mm. 

•ee. 

h. 

m. 

5 

13 

13 

34 

.... 

9 

13 

36 


16, 24 

•• 

•• 


23.2* 

13 

*56 

.... 

28 

13 

56 


22 

13 

56 

.... 

20 



}0.7+ 

20 

20 

13 

59 

.... 

14.5 



1.65 


13 

57.5 

• • • • 

20 



2.5+ 

20 



1.47+ 

22.5 

13 

58 


24.2 



0.75 

16 

14 

02.6 


20 

14 

01.3 


16.4 




15.7 

14 

04 

3.3 

16.4 

14 

03 

0.16 

18.8 

14 

08 

.... 

16.9 

14 

08 


18 



1.4 

17 

14 

06 


1 




15 

, , 

, , 

.... 

26 




26 




17 

14 

02 


19 

14 

00.5 


17.6 




17.6 




21 

14 

01 


21 

14 

01 


20.4 

14 

04 


20.4 

14 

02 


30 

14 

04 


19 

14 

05 


26.4 

13 

58 


29.6 

14 

09 


19 



1.4 

17 

17 

14 

07.3 

0.85 

17 

17 

14 

14 

07 

07 


24.5 

14 

03.7 


17.6 

14 

10.5 


17 

14 

14.7 


19.9 

14 

07.3 


25.3 

14 

04.2 

— 

22 

14 

00 

• • • • 

22 ‘ ’ 

14 

07.8 

1.7 

21 

14 

07.8 


22 

14 

07.8 

o. 

18 ‘ 

14 

‘i2.8 

.... 

18 

14 

07.1 

.... 

24 

14 

10.9 

t • • • 

32 

14 

21.3 

0.6 

18 

18 

14 

08 

.... 

18.4 

14 

*30.6 


I Rebeur-Pasohwiti. 
• Wieehart. 




• Vieentini. 

• Kcmkoly. 


V BoMh.-Omoii. 
•StUtted. 






















MAGNETOGRAPH RECORDS. 


Several magnetographs at stations not very distant from the origin recorded the 
shock. These have been examined by Dr. L. A. Bauer/ who finds that the time of dis- 
turbance on the magnetograph corresponds to the time of jurival of the principal part, and 
concludes, therefore, that the effect is entirely mechanical and not magnetic. The follow- 
ing table shows the time of the magnetograph records and the time of arrival of the 
regular waves, according to Dr. Bauer. 


Table 20. — Timez of Magnetograph Records. 


Station. 

Dimtance. 

Maonetooraph 

Record. 

Keuiji.ar 

Waver. 

Sitka 

0 

20.7 

h. m. 

13 22.9 

A. m. 

13 22.6 

Baldwin .... 

21.8 

13 24 

■ ■ a • 

Toronto * . . . . 

32.9 

13 25.3 

> 13 24.5 

Honolulu .... 

34.6 

13 27.8 

• 13 28.5 

Cheltenham ... 

35.6 

13 30 

13 30 

Porto Rico .... 

53.4 

Not recorded 



■ The Toronto record was oommunioated by Mr. R. F. Stupart, director of the Canadian 
Meteorological Service. The records of the other stations are taken from Dr. Bauer's article. 

■ Time of the second preliminary tremors; the regular waves are 3.4 minutes later. 

1 Not determined from the seismogram, but from the hodograph curve, plate 2. 

It will be seen that the magnetographs recorded only during the time of the strong 
motion, which convinces us that they acted mechanically like seismographs, for if they 
had been affected by a magnetic disturbance due to the earthquake, the effect would 
have been produced long before the arrival of the slow surface waves; indeed, before 
the arrival of any elastic waves in the mass of the earth. The maximum disturbance 
of the Toronto declination needle occurred at 13" SS-G*" ; and the maximum recorded by 
the seismogram at 13" 33.3“. 

Baldwin, Kansas (lat. 38® 47' N., long. 95“ Ky W.), is the only one of these stations 
that did not have a seismograph ; and the magnetograph record began about 1.5 minutes 
after the regular waves must have reached there according to the hodograph. Being in 
the middle of the United States, far from any seismographic station, an accurate record 
at Baldwin would have been valuable; but the time scales of magnetographs are too 
small to yield close time values; and they do not, in general, record before the strong 
motion. The Baldwin record is therefore only valuable in so far that it does not contradict 
the results obtained from regular seismographs ; and we can not hope that magnetograph 
records in the future will, in general, be important additions to the records of seismo- 
graphs. 

' “Macnetograph Records of Earthquakes with l^)ecial Reference to the San Francisco Earthquake.” 
Terrest. Hagn. and Atmos. Elect., 1906, vol. xi, pp. 135-144. 
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CONCLUSIONS. 


The comparative study of the seismograms made by instruments of such varied types 
brings out the advantagt^s and disadvantages of the various types and of the devices used 
in making the record. 

Tirrve. — It is extremely important that the seismograms should record accurate time. 
Errors may be due either to errors in the clock or to the methods of recording the time. 
It is to be supi)osed that in most observatories the error of the time-marking clock is 
pretty accurately known, but in some cases it seems almost impossible to escape the 
conviction that sufficient care has not been given to this subject. 

The time marks are sonietiiiujs made by the recording point itself, or by an eclii)se of 
the^ record in the case of instruments registering photographically. Neither of these 
methods introduces any error. If instmments record the time by sp(K;ial di^vices mark- 
ing on the pap(T, either very close to the record or off to the side, a correction must 
then be made for “parallax,” or the distance between the recording point and thc^ time- 
marking point. Frequently the pendulum is slightly out of the medial f)osition of eejui- 
librium, and the recording point is displaced to the side; the value of the parallax then 
changes and some special (lare is needed to avoid introducing an error in the determina- 
tion of the time. Whcui the time marks are made at the side of the record, 5 or 10 cm. 
from the recording point, it is very difficult to carry over the time from them to the 
record without making an error. 

Undamped instruments. — The larger numi)er of instruments in use are not damped. 
The effect of this is to cause a very uneven magnifying* power for vibrations of different 
periods. This is shown clearly in fig. 47, page 173, where the magnifying power of 
undamped instruments is seen to increase rapidly with the pc^riod of the wav(\s, reach- 
ing infinity when this period equals that of the pendulum ; and it then diminishes again 
with longer periods. It is evidemt, therefore, that an undamped instrument will not 
accurately reflect the character of the disturbance, but will unduly magnify tlu" vibrations 
whose periods approach concordance with its own. There are numerous examples of 
this in the seismograms of the California earthquake. When the amplitude of the record- 
ing point has gone beyond the limits of the instrument it has almost invariably been due 
to abnormally high magnifying powers, caused by concordance of periods, and therefore 
it does not correspond necessarily, or even usually, with the time of gre^atost earth move- 
ments at the recording station. For instance, Porto d’Ischia and Grande Sentinella, 
within a few kilometers of each other, have picked out and emphasized waves of different 
periods. 

With undamped instruments it is impossible to determine the magnifying power when 
the periods of the vibration and the pendulum approach each other ; it can only be done 
satisfactorily when the wave period is less than half or greater than 1.3 times that of the 
pendulum. As many instruments have periods lying between 15 and 20 seconds, which 
correspond to the periods occurring during the principal part, we are frequently unable 
to determine their magnifying power and the true amount of the disturbance. Long- 
period instruments would give better results for short-period vibrations, and vice versa; 
but the magnifying power of short-period instruments for long periods is very greatly 
reduced. For instance, the Vicentini pendulum at Manila has a mechanical magnifying 
power of 100. Its period was 2.4 seconds during the strong motion ; the period of the 
waves was 25 seconds; and the actual magnifying power of the instrument for these 
waves was a little less than 1. 
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Damped instrumerUs. — Of the instruments which were damped the majority were 
not damped enough. There are two great advantages in strong damping. The pen- 
dulum has a more uniform magnifying power for waves of different periods, and it takes 
up the true movement more quickly. The curves in fig. 47 show the variations in mag- 
nifying powers for different periods and for different degrees of damping. Where the 
damping is insufficient there is a distortion of the record, as in the case of undamped in- 
struments, but to a less degree. It will be noticed that when the damping ratio is 8 : 1 
the magnifying power is nearly constant for all periods shorter than that of the pendulum 
itself. For longer vibration periods the magnifying power gradually diminishes, but not 
excessively. When the vibration period is twice as long'^as that of the pendulum the 
magnifying power is about 0.8 as great as it would be for an undamped pendulum ; and 
for periods longer still the magnifying power becomes more nearly equal to that of an 
undamped instrument. 

With the damping ratio mentioned the free movement of the pendulum dies out very 
rapidly. If the pendulum is displaced 04 mm. and allowed to swing freely its amplitude 
will die down to 1 mm. after one whole vibration. Therefore the free movement of the 
l)endulum will always disappear rapidly, and it will record pretty closely the true move- 
ment of the ground. Prince Galitzin advocates dead-beat '' instruments, whore the 
damping is in the proportion 8:1. Under this heavy damping he has shown by exp(jri- 
ineiit that the free movement disappears immediately and the pendulum follows very 
closely the movcnuuit of the ground ; but the curve in fig. 47 shows that the magnifying 
powc^r is not constant, but varies continuously for difftirent periods, and therefore a cal- 
culation must always be mad(i before we can compare the relatives amplitudes in different 
parts of the record. It seems to me therefore that the most advisable damping ratio 
is 8 : 1. 

Period of the pendvluvi, — If the vibrations have a much longer period than the pen- 
dulum, the magnifying power of the instrument is greatly reduced. The advantage of 
long periods in undamped pendulums is that they hold up the magnifying power for long- 
period waves. For waves of very short period there is no advantage in giving a long 
period to the pendulum. For instance, other things being equal, a pendulum with a 
period of 10 sciconds and one with a period of 60 seconds would have practically the same 
magnifying power for waves whose period was 1 second. 

We have seen that when the instrument is damped in the ratio of 8 : 1 the magnifying 
power varies little for periods up to that of the pendulum ; and, therefore, the longer the 
latter the greater th(^ range over which the magnifying power will be pracjtic.ally constant. 
A pendulum whosi? period is 30 seconds and which is damped in this ratio will give a very 
correct record of the relative amplitudes in all parts of the seismogram ; for waves having 
a longer period than this arc not very frequent. 

Magnifying power for short periods, — Among the instniments which recordcid the 
California earthquake magnifying powers for very short periods of 2 or 3, 6 or 7, 10, 15, 
25, 100, and more, are found. The majority of those with low magnifying powers gave 
unsatisfactory detenninations of the beginning of the shock, even at stations less than 
90° distant ; and for greater distances than this the beginning in general was not recorded 
at all. We have been unable to determine the time of the arrival of the beginning of the 
shock at the very distant stations, as they arc all provided with low magnifying instru- 
ments. This is most unfortunate, for it is true not only in the case of the California earth- 
quake but of all other shocks whose times and origins are accurately known ; and there- 
fore our knowledge of the velocity of propagation to very great distances is still quite 
vague. To get satisfactory records of earthquakes at distances more than 100° it is 
necessary to have instruments with magnifying powers of at least 100. 
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Time scale. — A great variety of time scales were used, from 1 mm. to the minute, or 
even less, up to 15 mm. to the minute ; and in one case, at Gottingen, the scale was 60 mm. 
to the minute. The advantage of the open time scale is that individual vibrations are 
recorded, makin g it possible to determine their period and the magnifying power of the 
instrument for them ; and the characteristics of the motion can be seen. This can not 
be done on seismograms with small time scales. On the other hand, when the movement 
begins very gently it is extremely difficult, on the open time scale, to determine where the 
slight waves in the line begin ; but they would appear much more clearly on seismograms 
with small time scales. Wherever the magnifying power is sufficiently great there is no 
difficulty in determining the time of the beginning, and the advantage of a time scale of 
10 or 15 mm. to the minute, in permitting the period of the vibration to be determined, 
is very great. 

IdentificoMon of the phases on the seismograms. — The seismograms made by different 
instruments differ greatly among themselves, and it is very often extremely difficult to 
decide exactly where a particular phase begins. Where the magnifying power is suffi- 
ciently large this difficulty is not serious for the first and second preliminary tremors, 
but it often is for the regular waves and the subsequent phases. Where the magnifying 
power is small there is groat difficulty in deciding upon the time of the beginning of the 
first preliminary tremors. It is therefore of very great importance, in studying the 
propagation of an earthquake disturbance, to have copies of the seismograms themselves, 
and not merely the recorded times as determined by the directors in charge of the 
instruments. For without doubt, different persons examining single seismograms, with- 
out comparison with others, would frequently take different parts of the movement to 
represent the beginning of a particular phase. 
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TIIEOET OF THE SEISMOGEAPH. 


INTRODUCTION. 

In the early development of seismographs the attempt was made to produce a ''steady 
point”; that is, a point that will remain at rest when the earth is set in motion by an 
earthcjuake. If then the relative motion of the "steady point” and the earth were 
recorded, we should have the actual movement of the earth. The "steady point” must 
be supported against gravity, and therefore all seismograpLs must consist of a support 
connected with the earth and moving with it, and a mass, held up by the support in 
such a manner that it will partake as slightly as possible of the latter’s movements; 
let us call this portion the " pendulum.” We must also have a method of recording the 
motion of the pendulum relative to the support. If the pendulum were exactly in neutral 
equilibrium for any movement of the support, we should have a truly "steady point,” 
but this can not be realized ; a movement of the support exerts forces on the pendulum 
which set it in motion, and the problem therefore presents itself: to determine the actual 
movement of the support from the movement of the pendulum relative to the support. 
The only possibles way to do this is to analyze this relative movement, and thru the 
laws of mechanics work out the movement of the support. We must therefore develop 
the mechanical theory of the instrumemt. 

Let us first note that all movements can be broken up into a displacement and a 
rotation; and th(\so can be resolved into three com{)onent displacements parallel to three 
axes at right angles to (^a(;h other, and three rotations around these axes ; and therefore 
the instruments must be made to record the three displacements and the three rotations 
in order coinpletcJy to determine the movement. We shall see that instruments have 
not been made which will only affected by one component of the motion, but in many 
cases the other components may be relatively so unimportant that they may be neglected ; 
or by means of several instrumcuits, we can, by (elimination, determine the several com- 
ponents. Earthquake disturbances are propagated as elastic waves of compression or 
distortion ; and evcui at a V('ry short distance from the origin, the movements of the earth- 
particles are vibrations about their positions of equilibrium. Surface-waves also exist, 
in the propagation of which gravity does not play a part. 

In the immediate neighborhood of severe earthquakes the vibratory displacements 
may lx? measured by cemtimeters, but at a distan(»,e of 1,000 km. or more the displacements 
are of the order of millimeters, a displacement of 5 mm. being a V(u*y large one; and 
the horizontal and vertical displacements are of the same general' order. Up to the present 
our instruments have not separated the linear displacements from the rotations, but we 
can calculate what the rotations should be with given linear displacements, as follows. 

ROTATIONS DUE TO EARTH WAVES. 

Let us first take the case of a simple harmonic wave where the movement of the par- 
ticles is transverse to the direction of propagation; the equation is 

y = Asm2^^L-fj ( 1 ) 
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where 

y is the variable displacement of the earth particles, 
A the maximum displacement or amplitude, 

I the time, 

X the distance along the direction of propagation, 

P the period of vibration, 

X the wave length. 


X - 


This represents a wave traveling in the positive direction of x; the displacement y may be 
in any direction perpendicular to x, and in general it may be broken up into vertical and 
horizontal components. In hgure 32, let x be the direction of propagation, and y may be 

either vertical or horizon- 
tal; since all the earth 
particles move parallel to 
y, a line in this direction is 
not rotated at all ; whereas 
a line parallel to x is made 
to assume the wave form, 
and its elements experi- 
ence the maximum rotation. The tangent of the angle which an element of the line 
makes with the axis of x is given by the difference in the displacements of two neigh- 
boring points divided by their distance apart, i.e., by dy/dx; but 

/ 
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and its maximum value is 2 irA/K. If v is the velocity of propaga- 
tion, \ s= vP. The waves of largest amplitude have a velocity of 
about 3.3 km. per second, and a period of 15 to 20 seconds; and 
hence a wave length of from 50 to 66 km. If we take A =‘5 mm., 
which is a very large amplitude, and X=66 km., we find 2 
= 6.3 X 5/66 X 10* = about 5 x 10~’ or one-tenth sec. arc. As small 
as this angle is, the most sensitive instruments are capable of measur- 
ing it, provided the rotation is around a horizontal and not the 
vertical axis. If two horizontal pendulums were supported by the 
solid rock and placed one with the beam pointing in the direction of the propagation 
of the wave, and the other at right angles to it, then if the displacements were hori- 
zontal, that is, if the rotation was around a vertical 
axis, the first pendulum would suffer a slight relative 
rotation, but the second one would not. If, however, 
the displacements were vertical, and the rotation 
around a horizontal axis, the second pendulum would 
be displaced and the first would not. 

In the more general case where the direction of 
propagation makes an angle a with the direction of 
the horizontal pendulum we find the relative rotation of the pendulum for horizontal 
displacements to be cos* a ■ dy/dx, obtiuned by dividing coa a - dy by the length of the 
line; i.e., by dx/cos a, as shown in figure 33. If we had a second pendulum at right 
angles to the first, the amount of its relative rotation would be sin* a 'dy/dx, and 
the direction of the 2 rotations would always be the same. In the case of vertical 
displacements the rotation of a horizontal line making an an^e « with the direction of 
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propagation is cos a • dy/dx, as will readily appear from figure 34. A line making a vertical 
angle ce with the horizon^ direction of propagation would be turned thru an angle 
cos^ a . dy/dx, but this line does not interest us, nor does the corresponding line in the 
case of horizontal displacements, which would have a rotation of cos a ■ dy/dx. 

These conclusioas depend on the assumption that the support of the seismographs 
has exactly the same motion as the underlying rock, or that the column supporting the 
pendulum is fastened ri^dly to the rock; if, however, the seismograph rests on a pier, 
even tho it be connected rigidly with the solid rock, the case is different. The movement 
is communicated to the base of the pier, and as its sides are subjected to no constraining 
forces, the top of the pier, in the case of horizontal displacements, would probably rotate 
around a vertical axis nearly like a rigid body, thru an angle equal to the average rota- 
tion of all lines in its base; that is, thru an angle /i, such that 


= J_ 

^ 2 X 


COS* a • d« = ^ 

2 X 


(3) 


or half the maximum rotation in the solid rock. We assume that the natural period of 
the pier for rotational vibrations is so much shorter than the period of the earthquake 
wave that it does not exert an appreciable influence on the amount of the rotation; this 
assumption seems entirely justified. 

In the case of vertical displacements the pier would be tilted thru an angle equal 
to the tilt of the rock, but its top would also have quite a large linear displacement. If, 
however, the pier were very long, its period might be comparable to that of the shorter 
earthquake waves, and the instrument would record movements which would be a com- 
bination of the movements of the ground with the proper movements of the pier. It is 
probable that the movements of high chimneys and tall buildings would be materially 
affected by their natural periods of vibration. 

Let us now consider waves of condensation, like sound waves, where the direction of 
the displacement, is the same as that of propagation, x ; the equation of the wave will still 

have the same form as heretofore. A line in the direction of propaga- 
tion or at right angles to it, horizontal or vertical, will have no 
rotation; a horizontal line making an angle a with x will suffer a 
difference of displacement of its two ends e(]ual to df, or d^ sin a at 
right angles to its length; its length is dx/cosa; therefore its rotation 
is sin a cos a • d^/dx ; the maximum value of this is ttA/x, when 
a =45° and when df/dx is a maximum. This is a rotation around 
the vertical axis. A line making an angle a on the opposite side of 
the line of propagation is rotated in the opposite direction; it is 
probable that the top of the pier would not rotate at all about 
the vertical, when the base is subjected to this kind of motion. 

Observers have not so far succeeded in directly measuring rota- 
tions; and as we should expect them to be extremely small, 
we shall so consider them until further evidence shows them to be larger. 



FORMS OF SEISMOGRAPHS. 

The forms of instruments which have proved practical for recording very small dis- 
turbances are : the ordinary pendulum, the horizontal pendulum, and the inverted pen- 
dulum. The first form is too familiar to need any explanation; the second is a frame or 
a bar carrying a heavy mass, supported at two points nearly in a vertical line, as a door 
is supported by its hinges; so tliat its position is affected by a small displacement of 
the support at right an^es to the direction toward which it points; the inverted pendu- 
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lum is a heavy mass whose center of gravity is vertically above the point of support; 
some additional forces must be applied in order to keep it in stable equilibrium in this 
position; these forces are usually supplied by springs connecting the upper part of the 
mass and the support. 


REGISTRATION. 

There are two principal methods of magnifying and registering the relative move- 
ments, the photographic and the mechanical. It is to be noticed that these relative 
movements are all of the nature of rotations of the pendulum about a point or a line of 
the support. The photographic method of registering may be divided into two kinds, 
the optical and the direct. In the optical method a beam of light from a stationary point 
is reflected from a mirror on the pendulum and concentrated on a moving sheet of photo- 
grapliic paper which is afterwards developed. Time marks arc made by periodically 
eclipsing the light. The magnifying power depemds on the distance of the recording 
paper from the mirror. In the direct method the light is reflected through a longitudinal 
slit in a diaphragm on the end of the pendulum’s beam and a transverse slit in the top of 
a box, to the moving photographic pa{)er below. As long as the i)endulum is still, a 
straight line is recorded on the paper, but when the pendulum swings, the line is shifted 
from side to side. The magnifying power dejjends on the ratio of the length of the beam 
to the distance of the center of oscillation from the axis of rotation. In the mechanical 
method of registering the record is made by a pen on white paper or by a stylus on smoked 
paper. The marking point may be fastened directly to the pendulum or may be con- 
nected with it thru one or more multiplying levers.* 


THE MATHEMATICAL THEORY. 

The mathematical theory of seismographs has been written by Dr. W. Schluter,® 
E. Wiechert,’ Prince B. Galitzin,* Gen. H. Pomerantzeff,* Profes.sor 0. Backlund,* 
Dr. M. Contarini,* and Dr. M. P. Rud.ski,* but up to the j^esent the general theory has 
not been written in English. Messrs. Perry and Ayrton, however, published an important 
paper in 1879,* in which they developed the mathematical theory of a heavy mass sus- 
pended by springs in a box supposed to move with the earth. They emphasized the 
fact that the actual motion of the mass is made up of that of the earth and of its proper 
vibration; they showed the influence of damping and the relation between the relative 
movement and the motion of the earth. This pa|)er seems to have been overlooked 
and is not refcirred to by later writers on the theory. 


‘ It is not desirabk* here to givo details of constru(!tion. Tlwiy will be found in Miln(*'s Earthquakes 
and St*isniology; in Dutton's Earth(|iiakes, in »Siebcrg's Erdb<»benkun<i(% arul in the original descriptions 
in memoirs of sci<»ntilic societies. Dr. R. Elilert describ(*s many forms of instruments in (lerlaiid's 
Beitr&ge zur Oeophysik, 1896-1898, vol. IIT, pp. 350-475. 

* Schwingungsart und Weg dor Erdbf^bonwellen. Gerland'a Heitrago zur Geophysik, 1903, vol. V, 
pp. 314-360, 401-466. 

‘ Thcorie der automatischen St'ismographen. Abhaiid. Kon. Gt^sells. Wiss(*n. Gdttingen, Math. 
Phys. Kl. 1902-1903, Bd. II, pp. 1-128. 

* Ueber Stusmomctrische Beobachtungen. Acad. Imp. Sciences. St. Petersburg, 1902. Comptes 
Rendus Commission Sismique Permanemte. Liv. 1, pp. 101-183. Zur Mothodik d(»r Scismomotrischtju 
Beobachtungen. Same, 1903. T. 1. Liv. 3, pp. 1-112. Uber die Methode zur Beobachtungen von 
Neigungswellen Same, 1905, T. II. Liv. 2, pp. 1-144. Die Electromagnctischo Registrirmethode, 
Same, 1907, T. 111. Liv. 1, pp. 1-106. 

* In Russian, Same?, pp. 185-208. 

* Formeln fttr das Horizontalpendol. Same, pp. 210-213. 

^ Rend. d. R. Accad. d. Lincei. (/I. Sci. fis. math. e. nat., 1903, vol. XII, pp. 507-515, 609-616. 

* Ueber die Bewegung des Horizon talp<mdels. Gerlarid’s Bcitrage zur Geophysik, 1904, vol. VI, 
pp. 138—155. 

* On a Neglected Principle that may be employed in Earthquake Measun^ments. Phil. Mag., 1879, 
vol. VllI, pp. 30-50. 
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Dr. Schliiter’s work was undertaken to determine if the movements of seismographs 
due to distant earthquakes were caused by linear displacements or by tilts; and he de- 
velops the theory for those two kinds of motion separately. He discusses the effect of 
damping and shows the relation between the movement of the earth and that of the seis- 
mograph. 

Professor Wiechert begins by giving the theory of the ordinary pendulum in a very 
simple way, which does not, however, show the degree of approximation made ; h(! then 
develops the general theory of seismographs without considering specifically the charac- 
teristics of each form. An extremely valuable [)art of the memoir is the study of the 
solid and viscous friction and their influence on the movement of the pendulums ; also 
th(j relation between the amplitude of the pendulum rclativ<i to the support and the 
amplitude of the su[)port, when the latter is moving in a simple harmonic vibration, for 
various values of the ratio of the period of vibration of the support and the natural iieriod 
of the pendulum, and for various degrees of damping. 

Prince Galitzin treats many forms of seismographs with considerable fullness. He 
d(!velops the equations through Lagrange’s eejuations and shows what terms are neglected 
and the d(!gree of approximation secured. The phy.sical origin of certain terms in his 
etjuations are not evident, and he treats his jwndulums as mathtjmatical ix;ndulum.s, 
that is, as though the mass wore concentrated at the cenUir of oscillation ; certain terms 
which contain the moment of inertia about the cent(!r of gravity do not appear in his 
equations: this is unimportant as they an; in g(;neral negligible. PriiKie (xalitziu has 
also tl(!Vclop(!d a method of electromagnetic recording, and has given the theory of the 
instrument. This instrument offers soim; special advantages, but it has not 3'et come 
into general use. An important part of Prince Galitzin’s work consists of an (!Xi)eri- 
numtal verification of the theory by meaas of a moving platform, which imitates the 
movements produced by distant earthquakes. 

Profe.ssor Backluiul starts from Euhjr’s equation and obtains the equation of the hori- 
zontal ptindulum under disturbance, but he does not consider either viscous or solid 
friction. 

Dr. M. Contarini treats the seismograph as a series of connected links, and develops 
the theory in sjmibolic form. 

Dr. Rudski develops the e(piatioas of the horizontal i)endulum through Lagrange’s 
equations, retaining (juantities of the second order. Under these; (;ondition.s he finds 
that hi the case of periodic movements of the ground, the terms containing the damped 
free period of the jiendulum are no long(;r periodic. In ca.scs where the damping is 
large or the; movement eif the j)e;ndulum small, this jicculiarity is unimportant. 

In the feillowing jiages we shall develop the cejuations of relative motion of the pen- 
dulum from the two fundamental law's; namely, the motion of the center of gravity, and 
Euler’s equations for angular accele;rations about moving axes. Wo shall see the order 
of the terms neglected, and the physical origin of the terms in our resulting ccpiations will 
be evident. We shjill begin with the horizontal iicndulum, as the lever ased for mag- 
nifying the motion with ordinary mechanical registration is itself a horizontal {lendulum 
and the equation of its motion must supply terms in our resultant equations. We shall 
also assume an arbitrary position for the origin of coonlinates, and determine w'hat posi- 
tion of this origin will give the simplest equation; we shall find this to be the center of 
gravity of the pendulum in its undisturlwd position. Although I have followed a differ- 
ent route in developing the eejuation of the seismograph from those followed by the in- 
vestigators mentioned, I wish to acknowledge my indebtedness to them for the guidance 
I have received from their researches. 
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THE HORIZONTAL PENDULUM. 

There are three points of the pendulum on which forces act, namely, the center of 
gravity and the two points of support. We shall call the line joining the two latter points 
the oxts of rotation. The forces at the points of support may be replaced by a single force 
F, acting at the point of intersection of the axis of rotation with the perpendicular on it 
from the center of gravity of the pendulum, and a couple. In the Zollner form of suspen- 
sion this point is not ^ed relatively to the pendulum, and therefore the theory here 
given does not apply to the Zollner suspension; see further, page 179. The force at the 
center of gravity is simply gravity acting vertically downwards. 

Let us refer the position of the pendulum to a set of rectangular coordinates fixed in 
space whose origin is at 0 and whose positive directions are shown in figure 36. When 



th(f pendulum is at rest, let it lie in a plane parallel to the plane of yz, and let it point 
in the direction of y. Let CG^ refer to the original undisturbed position of the center 
of gravity of the pendulum ; CG, the position which this point would take during the 
disturbance if it were ri^dly cormected with the support, and CG its actual position at 
any time. 

In figure 36, let 

to> be the inclination of the axis of rotation to the vertical in the undisturbed 
condition; 
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the inclination during the disturbance; 

the angular displacement of the CG relative to the support, the positive 
direction being the same as that of to , ; 
the perpendicular distance from the CG to the axis of rotation at O'; 
the absolute coordinates of O' before the disturbance; 
the absolute coordinates of the CG at any time; 
the force applied at O' ; 

its components parallel to the fixed axes and to the moving axes, respec- 
tively. 

the components of the force exerted on the pendulum by the indicator; 
the mass of the pendulum; 

the moments of inertia of the pendulum about the principal axes of inertia 
through the CG; 

the linear displacements of the support due to the disturbance; 
the angular displacements around the axes, due to the disturbance, the posi- 
tive directions being indicated in the figure. 


For the sake of clearness the displacements of the support are not shown in the figure, 
but they can easily be imagined. 

The linear accelerations of the CG are given by the equations 

M^ = F,+f, Mfj=F,+f, JU^^=F.-M(, (4) 


In onler to see exactly what approximations we make, we must use Euler’s equations 
for moving axes to determine the angular accelerations; the motion is referred to the 
instantaneous position of the 3 principal axes of inertia thru the CG, which w'c have called 
(1) (2) and (3) respectively; as we only observe the rotation around (3) we may neglect 
the equations referring to the other axes; the equation is 



(T r\<^i du>j 

^ ‘ dt dJl * 


( 6 ) 


where n is the absolute angular acceleration around the iastantaneous position of the 
axis (3), and C, is the moment of all forces around this axis. As the pendulum has no 
relative motion around the axes (1) and (2), its angular velocities around their instan- 
taneous positions are the same as those of the support. Since the support is supposed 
to move with the underlying rock, its angular displacement will be the same as that of 
the rock, and will be given by equation (2). Its angular velocity will be obtained by 
differentiating this equation with respect to the time, we thus find : 

!'(>«») (e) 

and with the values there used : A = 5 mm., P= 20 secs. ; \ »= 66 km., this becomes about 
3 X 10~^; and dtoy/dt has a value of the same order. We may write (as we shall see 
further on) 

^ = 0008 ^(ma») = ^^j0 (7) 


making P = 20 secs, and 0 = 0.005, which is probably a smaller value than it woxdd have 
under the assumed disturbance, we find the maximum value of the relative angular 
acceleration of the pendulum to be about 5 x 10~*, a quantity far larger than the product 
of the two angular velocities given above. We may, therefore, without appreciable 
error, neglect the second term of equation (5). 
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The reactions of the support have been replaced by a sin^e force F applied at 0' 
and a couple. The forces of the couple both pass thru the axis of rotation and there- 
fore can not have a component around it, or around a parallel axis thru the CG. Of the 
components of F, F^ passes through the CG] F^ is parallel with (3), and therefore Fj 
alone is capable of exerting a moment around (3). Similarly only the component of 
/ can exert a moment around (3). If the latter force is exerted at a point distant /j 
from O', we find 

= ( 8 ) 

Ijet us replace by w,), which expresses the angular acceleration in terms of 

the acceleration of the pendulum relative to the support, and the acceleration of the sup- 
port; with these substitutions the equation of angular acceleration (5) becomes 

I,^^^^ = F,l-fr(h-t) ( 9 ) 

We must now replace F^ by its value in terms of the resolved parts of F^, F, in 
the direction of (1), and then the values of these latter quantities must be obtained from 
e(]untion (4). 

We have 

Fi = F, cos (x, 1) + cos (y, 1) + F^ cos ( 2 , 1) (10) 

Since the rotations are the same for all jwinfcs, we can determine the cosines of the 
angles in the above equation, by assuming a sphere of unit radius 
with center at O', and determining the displacements of the axes 
on its surface as a result of the rotations (m's) and the relative 
angular displacement (0). These values follow directly from figure 
37, where the points represent the intersections of the axes with 
the surface of the sphere and the lines represent the displace- 
ments of these points. 

te 

cos (x, 1) = COS(<i), + tf) = 1 — — 

£1 

cos(!/,1) = sin|w, + tf^l -01 = 6., + # (11) 

CO.S ( 2 , 1) = — siij + i9) = — (co^ + iff) 

All the angles are small, and i and $ an; considerably larger tlian the ®’s; we have there- 
fore neglected squares of the w’s, products of ®’s and 6, and but id is an important 
term in our equation; and since is of the same order, these terms must Ikj retained. 

Substituting the values of these cosines and the values of Fy, F„ from equations 
(4), in equation (10) we get 

= (jfg -/•)(! - D + -/.)<"• + *) - (Jlfg + + «) <12) 

•The coordinates of CG^ are X, Y + l, Z — il; the coonlinates of CG„ during the dis- 
turbance, are 

^+x + (z-i7)6,,-(r+o«., 

17 + 3^+ ? + X<i)i — (^Z — it) (i>, ( 18 ) 

^ + ^— it + (F + t)a», — Xo>y 

and the coordinates of CG during the disturbance are 

a; = f + + (F — il)iiiy — ( F+ 1) 6), — t# 

y = + (Y + 1) + Xa>, — {Z — tl)ii^ 

2 = f + {Z — it) + (F + 1) — Xvty 


X 



Fia. 37. 


( 14 ) 
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The rotations are so small that we may neglect the order in which they are effected, and 
their coefficients may be considered constants. Differentiating, we get 


di^ 


=f+(z-iO 


dt* 


-(Y+r) 


tPu>, ,<p» 

eft* dP 


^ + X — J - (Z - ft) - 

eft* eft* ^ eft* ' ’ UP 


(15) 


dt^ 




Introducing these values in equation (12), and the value of thus obtained in equation 
(9) and writing I^ + MP— /(,„ the moment inertia around the axis of rotation, we get, 




fPoij, _ 

dtf ’ 


■f 




(Z- 



(<“r + fi) 



(16) 


The force /is small; and on account of friction between the pendulum and the indicator, 
its direction is not accurately known, but as the friction and the angular displace'inents are 
small, it is nearly at right angles to both the i)endulum and the indicator; we have there- 
fore replaced /j in equation (9) by/,(l — ^V2) and have neglected the term (o>, -I- 0) 
in obtaining equation (IG). This is the general eejuation of th(» horizontal pendulum 
seismograph, within the approximations mentioned. The succeasive lines of the second 
member give the moments around the axis (3) due to forces parallel to the axes of x, y, 
and z respectively; (the term MPd^0/dt^, which has Ixjen combined in the first term of 
the first member, should be restored to the first line of the second member to make the 
statement strictly true) and the origin of the force represented by each term in the e<}ua- 
tion is evident. 

This equation can l)e greatly simplified by a proper choice of the origin of coordinates; 
if we place the origin at ()', we have X = F = Z = 0, and the c<iuation becomes 




(17) 


On putting /, = 0, omitting 0^/2, fjti and Uo^wjd^, and making the proper changes of 
notation, this becomes the equation No. 86 of Prince Galitzin.* Equation (16) can be 
simplified still more by placing the ori|dn at CG^\ then X=Y + l = Z — il = 0, and it 
becomes 


I 4 - 1 


d*<i) g 

di* “ 




It is evident that this equation can not be simplified further without omitting some of 
its terms. Referring to the equation of a wave, (Hjuation (1) ; differentiating twice with 
respect to t we find for the maximum value of the acceleration 


<ft* 



(19) 


' Ueber SeiBmom. Beobachtungen. Acad. Imp. d. Sci. St. Petersburg. G. R. Com. Sismique Perma- 
nente. 1902, Liv. I, p. 142. 
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with P ss 20 secs, and A =>‘5 mm., this has a value of about 0.5 mm. per sec. per sec. This 
is the order of the terms dS/d^, dPH/dfi; the last is very smdl in comparison with 

g, which is nearly 10,000 mm. per sec. per see., and may therefore be neglected. 6^/2 
is small in comparison with unity, but it is of the same order as id; nevertheless dP^/d^ 
is so small in comparison with g, that we may neglect (t^/2){cP^/d^) also; dPv/c^ is of 
the same order as dPS/d^, but it is multiplied by {m^ + 6), which with some instruments 
may amount to liv ; if the accuracy of our measures is not greater than this, we may omit 
this term in comparison with The pi-oduct /, (1 — ^/2) = A. The left-hand 

member of the equation may be written M^d^6/d^ + I^{(Pd/d^ + dPwg/dr ) ; the omission of 
dPm^dt^ is equivalent to substituting, in the second term, the angular acceleration rela- 
tive to the support for the absolute angular acceleration. Since the maximum value of 
i», is of the order of 5 x 10'^ and the maximum value of 9 is of the onler of 5 x 10~*, and 
since they would have the same period, we find that d?0/dt* would be about 1,000 times 
as large as d^a^dt^; and since in general /g is much smaller than M1^, it is clear that 
we make no material mistake in omitting ^e>^di\ Our equation then takes the form 

In the undisturbed condition the CG lies in the vertical plane containing the axis of 
rotation, this axis makin g a small angle t, with the vertical. When the instrument is 
disturbed the position of equilibrium is in the vertical plane contmning the axis of rota- 
tion in its disturbed position. Using the same device as on page 152, we see by figure 38 

that the angle thru which the plane of equilibrium is turned 
* is — — but since the support itself is turned about 

the vertical thru an angle <»„ the angular displacement of 
the plane of equilibrium relative to the support is 
— {wy — im,)/i — «*, which reduces to —tOy/i. The last term in equation (20) is there- 
fore the moment due to gravity tending to bring the pendulum back to its position 
of equilibrium, and it is proportional to the angular displacement from the position of 
equilibrium. 

The value of the new angle i, between the vertical and the axis of rotation, reduces 
practically to ig— o,; on account of the small angle thru which the plane of equilibrium 
has been rotated (sec figure 38). Since <», is of the order 5 x 10“'' and t, for the von 
Rebeur pendulum, where it has a smaller value than for any other instrument, is about 
1:700, we see that its value is about i:3000; for other instruments it is still smaller; 
we may omit a>, and consider that the inclination of the axis of rotation to the vertical 
has not been changed by the disturbance. 

The equation contains the moment due to the reaction between the pendulum 
and the indicator. Its value can be determined from the equation of the indicator and 
then substituted in equation (20). The indicator is itsdf a small, horizontal pendulum 
and is affected by the distiu'bance; its general equation will be of the form of equation (16). 
Let us assume that the axis of rotation of the indicator and its cg^ lie in the axis of y 
thru the CG^ of the pendulum ; the coordinates of the cg^ then become 0, 0 (see fig. 36) ; 

putting these values for X, Y + l, Z — U, in equation (16) and writing primes to mark 
the quantities referring to the indicator, its equation becomes 



Fig. 38. 


» 5!!?! J- 7' — J|f7^ -- Z \ f\h I ( 4 1, i 


/j' has a positive sign because the force is applied so that a positive force causes a 
positive angular acceleration; we have assumed 0, and that the reaction between the 
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indicator and the pendulum acts at right angles to the former and is equal to its (1) com- 
[jonent. These assumptions will not be accurately true, but the quantities involved are 
small, and no important error will be introduced by them. Even in this form the ec^ua- 
tion is very complicated, but it can l)e made very simple by constructing the indicator 
so that its eg shall lie in its axis of rotation, then V becomes 0, and only one term 
remains on the right-hand side. In this case /(,/ = but 6^ is several times as large 
as 6, so that as shown on page 154 we may omit and the equation of the 

indicator takes the simple form 


^(3) 








( 22 ) 


With the eg in the axis of rotation it makes no difference where this axis is situated, 
and the indicator may even, be a l)ent lever without changing its e({uation; this methcxl 
of reducing the influence of the indicator is so smiple that it should always be fol- 
lowed. In this paper we shall assume that it has Ix^en; if it has not we must either take 
into account the various terms of equation (21) or we must look upon them as unimpor- 
tant and neglect them. 

We have, of course, /j'= —f^, also & = —n^d^, where — and hence = 

— njdP$/dl^; eliminating from equation (20) by means of equation (22), and making 
the above substitutions, we get 

(/(3) + nA*) [|f - gi + (»)] (23) 


It will be seen that the moment of inertia of the pendulum is practically increast by 
times the moment of inertia of the indicator, and this tends to diminish the angular 
acceleration; whereas the mass of the f)endulum which appears on the right side of the 
equation and tends to increase the acceleration is not affected by the indicator; hence 
the importance of making the indicator as light as {)o.ssible. If for the sake of increasing 
the magnifying power of the pendulum we should add a second lever to be deflecte<l by 
the first, and if the ratio of the angular deflections of the second and first levers be n,, 
then the effective moment of inertia of the two levers is Ifgt' + , and that of the 

whole system is + + •, tho the magnifying power may be incrcsst 

by a multiplication of lev(;rs, the actual deflections of the pendulum are diminisht 
and it may be materially. In the Bosch-Oniori 10 kilog. seismograph /^g, = 61.6 x 10® 
cm.®gm. ; /,g/ = 280 cm.®gm. ; and when the magnifying power is 10, nj = 31.3; hence 
the effective moment of inertia added by the indicator, equals 27.5 x 10*, or 

sixth of 7(8). 

Let us write + + . . . = [/]; also [I]/Ml=L-, introducing these 

substitutions in the equation (23) we get 


1 gi 
eK* Ld? L 



(24) 


We have so far not taken account of friction; but all instruments are subjected both 
to viscous friction, or damping, proportional and opposite to the velocity, and to solid 
friction, which has a constant quantitative value, but always opposes the motion; in 
some cases, special devices are added to increase the damping. Writing 2Kdd/dt to 
represent the damping and 7 Pg for the solid friction, the equation becomes 


(tt* 




(26) 


We here assume that the damping is proportional to the velocity relative to the support. 
This is true where special damping devices are aflixt to the support, but in the case 
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where no special damping is introduced, the viscous friction is largely due to the resist- 
ance of the surrounding air, and if this does not move with the support, it will not be 
proportional to the relative velocity, but to some complicated function of the relative 
and absolute velocities. If the instrument is in a closed room, and the earthquake 
motion not fast, the air will, to some extent, move with the support, and as the damping, 
when special devices are not used, is extremely small, we make no material error in putting 
it proportional to the relative velocity. 

d in the equation refers to the relative angular displacement of the pendulum; if 
we prefer to deal directly with the relative displacement of the marking point, we can 
proceed as follows : let Z be the length of the long arm of the last or marking lever, and 
6 its angular displacement ; multiply the equation (25) throughout by rd, where n = 
njnjtig • • • . If a is the linear relative displacement of the marking point a = iO — 
nl0; making these substitutes in the e(]uation it becomes 

where p' = nlp^. a and its derivatives in this equation will have positive or negative 
signs, according as the number of multiplying levers is odd or even ; this will be evident 
if we suppose the support to have an acceleration in the positive direction ; the pendulum 
will be left behind ; and the long end of the first lever will move in the positive direction, 
that of the second lever in the migative direction, etc. Those are the ecjuations of rela- 
tive motion of the pendulum and of the marking point, and they are the only equations 
we have from which to deduce the movement of the support. It will Ix! seen that, for 
the horizontal pendulum with the origin at the and to the degree of approxima- 
tion used, the only displacements of the support which enter are the linear accelera- 
tion parallel to the axis of x, and the rotation around the axis of y; but as both enter 
the equation we are not able to determine the value of either separately. (See, however, 
page 188.) 

For the Milne instrument direct photographic registration is used ; if Z, is tlu! length 
of the beam from the axis of rotation to the slit for the recording light, then o = — 1^0^ 
since 1^0 and a are positive in opposite directions; and inequation (20) — nZ must be 
replaced by ly For the von Rebeur-Paschwitz form the optical method of re^stration 
is used; if I) is the distance from the mirror on the pendulum to the recording paper, 
then o = — 2 D0 and nZ must l)e replaced by —2D. 

We see from the equation that 2 pendulums which have the same values of «, L, i, and 
Pj have identical equations, and their movements for the same disturbance would be 
identical, although they might differ very much in mass and in form; and vice verm, 
in order that 2 pendulums should have identical motions for the same disturbance it 
is necessary that the constants above should have the same values for the 2 {)endulums. 
This makes it perfectly clear why 2 dissimilar pendulums give such diffiirent records of 
the same disturbance; indeed 2 pendulums made as nearly alike as possible give dis- 
similar records if they have different values of i, i.e. different periods ; or even if they 
have different values of p'. This was pointed out in 1899 by Dr. 0. Hecker.^ Two 
horizontal pendulums of the von Rebeur-Paschwitz type made as nearly alike as possible, 
mounted side by side, and having the same period of vibration, gave very different records 
of the same earthquake. The difference was found to be due to differences in the fric- 
tion at the supporting points. Alterations were made until the friction was the same 
in the two instruments as shown by the similarity of the dying-out curves of free vibra- 
tions. After that the two instruments gave sinular records of a disturbance. 

^ Zeit. fUr InHirumcntenkunde, 1899, p. 206. 
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In order to determine the value of linear displacements, we must either neglect the 
rotation as small, or determine its value as a function of the time from some other instru- 
ment; and then either integrate the equation, which can be done if it is found by the 
record to be a simple form, say a simple harmonic curve ; or we must laboriously meas- 
ure from the record the successive values of dff/dt and 0, which when introduced 

into the equation will give us the successive values of cPf/dt*. A double summation of 
these values will then give us the successive values of the displaconient So far as I 
know this process has only been carried out once and then without taking into considera- 
tion the constant p'.‘ The process is very laborious and emphasizes the advantage 
which some other form of instrument would have, in which the relation between its dis- 
placement and that of the earth would be more direct and simple. 


DETERMINATION OF THE CONSTANTS. 


But with the instruments we now have, it is important to determine the values of 
these constants, which can lie done as follows. If the support were subjected to a very 
rapid but small movement, the second derivatives would be so much larger than the other 
terms in the equations (25) and (26), that the latter could be neglected and we should 
have 


ae (10 d0 Ld0 


(27) 


Integrating and neglecting the, velocity multiplied by the time of the movement, as 
the latter is supposed extremely short, we get 

= (28> 

ij 

This shows that for a movement of this kind a point on the iiendulum distant L from the 
axis of rotation will have a relative displacement equal, but in the opposite direction, to 
that of the support; that is, that it will actually not Ixs displaced by the movement. 
This point is the center of oscillation. It is also the point at which the whole mass of 
the pendulum might be concentrated without affecting its motions; L is therefore called 
the length of the mathematical pendulum of the some type; such a mathematical pendu- 
lum would have the same period as the actual pendulum (as we shall see later), but 
we must remember that L, as dehned here, is not the length of a simple iiendulum 
having the same period as the horizontal {lendulum. 

We also see from the second equation that the actual movement of the marking point 
will lie ni/L times as great as that of the support; this then will represent the magni- 
fying power for small rapid linear displacements, and we may represent it by V. Its value 
is evidently 

r='A . • . . \ = 4 , or (29) 

L I2 Ij Id 

if we write m — • • • where — • • • etc., te., equals the ratio of the 

long to the short arm of the first lever, etc. If on the other hand there is no linear dis- 



Fio. 39. 


placement, but a small rapid angular acceleration around the axis of y, the pendulum 
is not affected at all; for the equation does not contain the angular acceleration. This 


‘ By General H. Pomerantzeff, Reoherchaa concomant le sismogramnin trac4 li Strassbourg le 
24 Juin, 1001. Acad. Imp. Soi. St. Petersburg; C. R. Com. ISsm. Perm., 1902, Liv. 1, pp. 18&-208. 
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arises from the fact that wc have taken our origin of coordinates at the C(?g of the pen- 
dulum. 

If we go back to the equation (18) and eliminate the reaction of the indicator as before, 
but retain the term containing the angular acceleration about axis (3), we should find in 
our final equation the terras 

( -I- »,%,') m/dt* + ( J, -I- /,') 

which would be the only important terms in our equation, when a very small but very 
rapid angular acceleration occurred around axis (3). Integrating, we find 

6-6, = - ( 30 ) 

‘‘(S) *r -#3 

For the Bosch-Omori pendulum /^g, is about 30 times /gj and are negligible; 
we therefore see that the angular displacement of the pendulum would only be about 
3^0 of that of the support around the axis (3). 

If, on the other hand, there is a permanent angular displacement about the axis of 
y, and no other disturbance, we must have for equilibrium 6 = a/nl— — we have 

neglected the solid friction, which may act to increase or decrease the angle 6, or the 
displacement a, according as the pendulum reaches its position of equilibrium from one 
side or the other. We sliall see later how the value of p' affects the result, but neglect- 
ing it for the moment, we see that the angular displacement of the pendulum is l/i times 
that of the supi)ort. Hence l/i may be taken as the magnification of constant angular 
displacements around axis of y. For the Bosch-Omori instrument this is about 70, for 
the Milne, about 450, and for the von Rebcur-Paschwitz, about 700, when the ixjriod of 
vibration is about 17 seconds. As appears Ixilow, l/i is proportional to T^. 

If there is no disturbance and we neglect friction, equation (26) reduces to the fonn 


dt* 




( 31 ) 


whose .solution represents a simple harmonic swin^ng of the pendulum with a period 

T, = 2vyl^, ( 32 ) 

S'* 

Therefore in equations (25) and (26), gi/L can be replaced by (2 ’r/T’g)®; can readily 
be determined by observation. L' = L/i is the length of a .simple mathematical pendu- 
lum having the same ptiriod as the instrument under consideration. 

Equation (26) may now be written 

It contains four constants, and when these are known the characteristics of the instru- 
ment are known. Two instruments, however they may differ in mass, size, shape, and 
even in type, as we shall sec later, will give identical records of the same disturbance 
if these constants are respectively equal for the two instruments. 

We have seen that L' can very easily be determined through equation (32) by 
determining the period of vibration. V can be found by measuring the various quan- 
tities which define it in equation (29). Instead of measuring the value of L it can be 
found from L' through the relation L^iL', after i has been found by one of the 
methods given below. 


* If we use the displacement of the pointer to measure the rotation we have *t,-=ia/VL. 
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There is a direct experimental method of determining V due to Professor Wiechert.* 
Displace the pendulum by appl 3 ring a small force / at right angles to it and at a dis- 
tance I' from the axis of rotation. Its moment will be fl'. The equal moment of 
restitution exerted by the pendulum will be Mlgid, where 0 is the angular displacement 
of the pendulum; this appears immediately from the theory of vibrating bodies if we 
replace L in equation (32) by its value [/]/JlfZ. 

Equating these two moments we find i0=fl'/Mlg. If the marking point at the 
same time has been displaced a distance Oj, then 

V = nl0/L6 = a^/I^ = (33) 

Oi is observed, ll determined through the period of vibration, and i0 calculated by the 
moment of the applied force, as above. 

In applying the force Professor Wiechert uses what is practically the beam of a 
balance with a vertical pointer; the latter presses against the pendulum with a force 
due to a weight placed at the end of the beam. If the length of the pointer is half 
the length of the beam, then a weight mg placed on the end of the beam will exert a 
pressure mg against the pendulum; and we find id = ml' /Ml. 

Equation (32) also enables us to determine the value of i, which can not be measured 
directly with any degree of accuracy; L can be determined by measuring the quanti- 
ties entering its definition (p. 155) ; g is supposed known and i can then be calculated. 
A special arrangement by which the von Rebeur-Paschwitz pendulum can l)e swung 
with its axis of rotation horizontal <MUibles us to determine its i and L with ease. 
When i is large it must l)e replaced in the equation (32) by the accurate term sin i ; 
when % is 90“ this becomes unity, and we get for the period 

^9 

from which L can be immediately calculated. When the pendulum is hung so that i is 
small, the period is given by equation (32), hence 

i-T.yr^* ( 34 ) 

We have seen that if wo tilt the support through an angle the pendulum is dis- 
placed through an angle 0 = — wji. It is easy to produce a known tilt on a Milne 
instrument by means of the leveling screws, and on the Bosch-Omori instrument by 
means of the horizontal adjusting screw at the top of the supporting column. The 
value of i can then be calculated by measuring 0 directly, or by calculating it through 
the displacement Oj of the pointer; for, FL = aJ0 = mfj ; and m and \ are very easily 
measured. 

Returning again to equation (26), neglecting the solid friction and supposing no 
disturbance, the equation becomes 


of which the solution is 


eft* dr 


+ 



tt = a«e~*‘ sin {t — 1„) 


(36) 

(36) 


provided 2 is greater than *. 
tial conditions and T is given by 


Og and are constants to be determined by the ini- 



‘ Beitrfige lur Geophysik, vol. VI, p. 440. 
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( 38 ) 

(38a) 


••• ^o = 77Vi + («'r/2w)* 

If K is small, we can deduce 



(39) 


If, as in the majority of pendulums now in use, there is no especial device for damping, 
K is a very small quantity and we may, to a close degree of approximation, write T — T^ 
and 2’ir/T = 2ir/T^. 

The solution, equation (36), represents a simple harmonic motion with decreasing 
amplitude given by 0^6“*'; to determine the successive maximum swings in opposite 
sides of the central line, we put i = 0, T/2, 2 T/2, etc., in the expression. The ratio of 
these successive values of the amplitude is constant and ecjuals V^*; i.e., if a^, Oj, Oj, etc., 
are the successive maximum displacements we have 


= = = t (40) 

a, ttj a, 

this quantity is called the damping ratio. To determine the value of k, take the natural 
logarithms of both sides of equation (40) ; we get 

log. ^ = 2.3026 log ^ = *J= A (41) 

CLi fX\ Z 

where log stands for the logarithm to the base 10. A is called the logarithmic decrement 
of the amplitude. From this eciuation we can calculate k, but as it is difficult to get a 
good determination of the ratio of two successive amplitudes, we can determine « from 
the ratio of the zeroth to the nth amplitude, as follows : Multiply together the successive 
ratios of equation (40) and we get 

^ = €" (42) 


take logarithms of both sides of the equation, and we get 


1 

n 


log. ^ log ^ = A 

n 2 


(43) 


This gives us more accurate values of * and A. The quantity needed to determine 
Tq in equation (39) is kT / 2ir, and this becomes 


kT _ 2,IV) 26 _ 0.733 do _ A 

2ir »iir ” a„ n a» 


(44) 


In determining « or KT/2ir, one naturally observes and o„; but the logarithmic decre- 
ment, A, is a recognized constant, and is the quantity usually recorded to indicate the 
damping of the instrument. It is to be noticed that the logarithmic decrement is not 
a constant, but is proportional to the damped period. 

We also have from equation (38) 



and through equations (40) and (41) 

= log/* = log** 

\2t) ir* + log,*c 1.862+log*e 


(44a) 


(44b) 
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The use of this formula is the quickest means of calculating the value of icT^2tr, 
which enters the expression for the magnifying power of the seismograph for harmonic 
vibrations. 

The vibrations of the pendulum under damping lie between two exponential curves, 
and — e"*' as shown in figure 40. 

There are few instruments free of all solid friction; this enters at the pivots and at 
the marking point. At the pivot it is merely a constant moment tending to stop the 
motion; but it may have a somewhat 
different value for motion in opposite 
direction. At the marking point the 
effect is different; in figure 41, let a be 
the pivot, and h the marking point of 
the indicator; let the reconiing paper be 
moving to the right with a velocity of 
v " ; let the marking point be moving to 
reduce ff with a velocity he and hd, 
as shown in the figure, will indicate the 
movements of the marking point relative 
to the paper, as the result of these move- 
ments resi)ectivcly ; the resultant relative 
motion will lx; he, and the frictional force 
which will be directed in the .direction opposite to he may be represented by a con- 
stant <#». Ijct « be the angle which its direction makes with the direction of motion of 
the pajrer, and let ff l)c the angular di.splaceinent of the lever from the same direction 
(which should be its direction of equilibrium). 

We may divide ^ into two components, one in the direction of the lever, which is 
resisted by a reaction at the pivot and docs not tend to rotate the lever; a second at 






right angles to the lever, which exercises a moment to turn it; to determine this moment 
we must get the component of ^ in the direction of v’ and multiply it by V. This effective 
moment is 


— sill — 6') = — 


v' — v" s ill 0' 

be ~ 2 v't>" sin 


(45) 


This can be developed in powers of v'/v" (which we will write or of v"/v' (or Vj") 
whichever is less than unity, and we get 


- 7)/' sin a') (1 - r,"y2 -I- Vt" sin + • ■ ■) 

or ^1' (i’ll' — sin ^') (1 — Vii'Y^ + ^n' sin -+- • • •) (46) 

If the lever is moving very rapidly in comparison with the paper, v,” becomes a small 
quantity, it may be neglected, and the first expression becomes that is, there is a 
constant moment tending to stop the motion of the pendulum. If the paper is mov- 
ing very rapidly in comparison with the lever, is a small quantity, and the second 
expression reduces to <fil' — bio. 0' — v^^ sin? 6' • •)> which, when 0' is small, 
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become — ^') ; this represents a moment proportional to the velocity of the lever, 
and a second proportional to the displacement. 

In the intermediate case where neither v' nor v" is preponderatingly large, the fric- 
tional moment is a complex function of their ratio and of the angular displacement. 
In any large swing the recording point may pass thru its position of equilibrium with a 
velocity much larger than that of the paper, but as it reaches the limit of its swin^ its 
velocity gradually reduces to zero; hence the nature of the moment brought into play 
varies materially during the swing. As the lever passes its zero position the friction 
exercises a constant moment; and as it approaches the maximum displacement the 
friction exercises a damping moment, and a force of restitution. 

It sometimes happens, on account of a slight tilting of the pier, that the pendulum’s 
equilibrium position is not exactly in a line with the pivot of the indicator lever, so that 

b 

^ 

Fio. 42 



the lever stands at an angle with the pendulum. The frictional moment has the same 
expression as we have already found except that we must replace O' by + 6^, where 
6^' is the angular displacement of the indicator when the pendulum is at rest, and 6' the 
displacement from this position during a disturbance. The limiting cases (as on p. 161) 
become <I>1' and —6' — 6 ^) if 6 ' and are not large ; that is, in the second case, 

we must add to the moments already considered another moment which tends to bring 
the pendulum back to the proper position of equilibrium. 

Let us see what is the nature of the frictional moment in a special case ; let us suppose 
we have a simple harmonic swing of the marking point of period, P = 15 secs., and ampli- 
tude 4 cm. ; let the velocity of the paper be 1.5 cm. per minute, or v" = 0.025 cm. per sec- 
ond. We have supposed the swing simple harmonic, which it would not be under the 
action of the friction, but it would be approximately so, and we can get a fair idea of 
the variation of the frictional moment under this supposition. If y is the displacement, 
we shall have 


. 2jr 
y = 08111 ^ 


, _ dy 2ira 
~ dt~ P 


cos — < 


then 2 7ra/P = 25/15 = 1.67, and putting the successive values of the sine in the general 
equation for the frictional moment (45), we find that the force does not vary much for 
something over an eighth of the period on each side as the pointer crosses the zero posi- 
tion, and it changes very quickly near the ends of the swings ; for movements therefore 
in which the maximum value of v'/v" is of the order of 1.67/0.025 = 67, the frictional 
moment docs not vary much in value during a large part of the swing. It would pro- 
duce a much too complicated expression to introduce the actual value of the frictional 
moment into the equation of the pendulum; the bci^t we can do is to look upon it as 
made up of a damping moment, wUch would enter the general damping term, a moment 
proportional to the displacement, which would combine with a similar term in the equa- 
tion, and of a constant moment opposed to the motion, which would be represented, to- 
gether with pivotal friction, by the constant term of the equation. The importance of 
reducing all this friction to a minimum is evident, for we can not take accurate account 
of it. Hence the adoption of very heavy pendulums, which reduce the effect of the 
frictional forces on their motion. That the friction at the recording point is, in general, 
very important, is shown by the rapid dying out of the vibrations of a Bosch-Omori 
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pendulum when the pointer is- marking, in comparison to the very slow dying down when 
the marking point does not touch the smoked paper. The effect of the multiplying levers 
in increasing the influence of the friction can easily be found. Using the same notation 
as on pages 151, 155, we have 

/A=/A';/A=/A'; etc. 

where for this particular case, the /s represent the reaction between the levers brought 
about by the friction <f>, of the marking point only, and the inertia of the levers is not 
considered. 

This gives 

Ah <!> ' - y =‘>l>nl= (47) 

that is, the frictional moment is proportional to the multiplying power of the levers. 

Assuming that the friction adds a damping moment, a moment proportional to the 
displacement, and a constant moment, opposing the motion of the penduliun, we have 
stiU to determine in our general equation (26) the values of the constants k and p'. If 
in this equation we replace a by a' T Lp'/gi, it becomes 


tPa’ 2 do' 7UtP$ gffnl 



(48) 


the form is unclianged except that the constant term drops out. Therefore the vibra- 
tion of a pendulum, affecte<l by constant friction, has the same period and is otherwise 
the same as that of a pendulum without the friction, except that the vibration no longer 
takes place about the medial line, but about a line displaced from it by an amount Lp'/gi, 
and this displacement is flrst on one side of the medial line and then on the other. We 
may therefore look upon the force of restitution, not as proportional to o, the displace- 
ment, but to a less Lp'/gi; and the pendulum can remain at rest anywhere bctw'een the 
two displaced medial lines. Let us call the distance between the true medial line and 
its displaced position, the “frictional displacement of the medial line,” and denote its 
value, Lp'/gi or p'(T„/2ir)*, by r. It must be determined by experiment. We have 
just seen that the frictional moment exerted on the pendulum is proportional to the mul- 
tiplying power of the levers, therefore the frictional displacement of the point is pro- 
portional to the same quantity; and the frictional displacement of the marking point 
is w? times as great, or proportional to the square of the multiplying power. Suppose 
the frictional displacement of the marking point at Ij were 0.01 mm., that at the end of 
one lever multiplying 10 times would be 1 mm. ; and at the end of a second similar lever, 
100 mm. We can determine the relation between p', r and the frictional force <l> 
exerted at the marking point equals a force exerted at the point of contact, fj, 
of the pendulum and the first lever, and this exerts a moment 4^1^, and therefore pro- 
duces an acceleration of the pendulum equal to this acceleration is represented 

by Pj in equation (25). Hence 

P' = (^Jr = nlpo = (48a) 


In figure 43, let a^, Uj, a^, etc., be the successive excursions measured from the medial 
line; let r be the displacement of the medial line; then if there is no damping and the 
pendulum starts from a displacement a^, that is a^ — r from the displaced line, it will 
swing an equal distance to the other side of this line, or a^— r=aj-t-r; .'. aj = o, — 2r; 
as it starts back from the medial line is suddenly displaced to (2), and a, — r — a, + r ; 
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Oj = c, — 2 r ; and we see that each successive excursion of the pendulum is diminisht 
by 2 r. When at last the friction stops the motion between the lines (1) and ( 2 ), the point 



diminish in the ratio which we have 


will cease to vibrate, the friction being 
just enough to hold it in the position 
where it stops. But when the vibration 
becomes very small, the friction no 
longer exerts a constant force, but a 
damping force and a force of restitution, 
and therefore the marking point would 
continue to approach the true medial 
line, being kept from it only by the 
constant friction of the pivots. 

When there is damping, the suc- 
cessive excursions about the displaced 
lines are not equal, but they gradually 
ed e; we have therefore 


^ =...=« (49) 

Oi + r «» + »• 


and it is from this series of equations that we mast dctenmine k and j/. As the position 
of the medial line may be unknown, we can not measure the a’s, so we must pi-oceed as 
follows : adding numerators and denominators of the equal fractions we get 


“2 -k - r wlj -f- 2 r ..Is + 2 /• 


(50) 


where d j = Oj + o^, Aj = a,, -f- O 3 , etc., the A’s are the ranges of the vibrations, that Is, the 
distances from a maximum excursion on one side to the next on the* other. Subtracting 
the numerators and denominators, the second from the first, the third from the second, 
etc., we find 


A) As _ As — As 
As — As As — A, 


(61) 


Solving the first equation (50) for 2 r and introducing the value of e from the first equa- 
tion (51), we get 

(r,2) 

Jli — 


Equations (51) and (52) enable us to determine the values of e and r from the measure 
of three successive ranges; these equations are suitable when the ranges diminish rapidly 
in value; but when they diminish very slowly, these equatioas will not yield accurate 
values, and we must deduce others containing ranges which are sufficiently far apart to 
have materially different values. We proceed as follows : add the numerators and the 
denominators of equations (51) and we get 

Ainds- = d* = . . . 2= t (53) 


multiplying n of these fractions together, we get 

A.- A, 

A»+i An^-m 


m and n mav be any numbers we please; let us take m=n+l, and the formula becomes 


Ai — A«^.^ 

A»4.i — ^ti+l 


( 64 ) 
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Fnm this we deduce as before 


icr_ 0.733 A^-A,. 

logio 


±L. 


^R+i- 




( 66 ) 




nT 


A^i — Ai 


■»i+i 


( 66 ) 


Solving equation (5Q) for 2 r, we get 

2r 


= S-‘J> = A - etc. 

l4-« 1 + * 

= = . . .etc. 

l + « «(1+.) 


adding numerators and denominators 


2r = 


Ai — €'A, 


w-H 


_ €—tAi — e'A, 

(1 + *)(!- 0/(1-*) « + l *"-1 

replacing value of c" from equation (54) we get 


2r 


* — ^ -^*1141 — AyAt^^.t 

* + 1 {Ai — — (.4,4., — . 4 j,^i) 


(67) 


Equations (55), (56) and (57) are perfectly general; and n may be given any integral 
value greater than 0. The factor (« — 1) in equation (57) reduces the accuracy in the 
determination of r when e is nearly equal to 1 ; but e can be determined with considerable 
accuracy from ecpiation (54) if we have a gof)d record of free vibrations without outside 
disturbance, r being thus determined, we can find p' and ^ from equation (48a). Thus 
the (lamping and frictional constants can be determined from the measure of 3 ranges. 

Returning now to equation (35), let us consider the case where the friction is so great 
that the movement is no longer pericxlic so that we can not determine « and p' by the 
above methods. We shall then have k>2it/T^, and the solution of the equation (35) 
under this condition is 

a = Aie-^ 4- A^-^ (58) 

where 

wii = K 4- V/** — «*, »», = K — V/t“ — n* (69) 

and n is written for 2ir/Tg; and are arbitrary constants whose values are to l)e 
determined to con-espond to the specif conditions imposed. Neglecting solid friction 
for the present, we can determine the value of * by displacing the pendulum an amount 
a„ and then setting it free ; that is, at time we have a = o„ and da/dt = 0. If we deter- 
mine A^ and A^ to satisfy these conditions, equation (58) becomes 


a =: — 2? — (mie""*** — mjC“"‘‘) 
mi — rn^ 


(60) 


This represents the difference of two exponential curves, and since is greater than TOj, 
the second term in the parenthesis is always smaUer than the first and a is always posi- 
tive ; and therefore the pendulum remains on the positive side of the position of equi- 
librium, gradually approaching it, but only reaching it when t is 00 . 

To determine k we must first determine n or 2ir/Tf^, To do this, reduce the value of 
K sufficiently to allow a satisfactory periodic motion, and determine the period. Increase 
the value of k until the motion is aperiodic. Now displace the pendulum an amount % 
and release it exactly at the beat of a seconds pendulum ; determine the deflection from 
its position of equilibrium at, say, every 5 ch* 10 beats of the pendulum. On substituting 
the values of Og, n, and t in equation (60) we can determine k by trial, each observation 
^ving a value of the average can then be taken. It would be very difficult to deter- 
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minfl « ufflDg the ordinary method of recording; a much better way would be to attAsh 
a wmiill nodrror to the pendulum and read the deflections with a telescope and scale in 
the ordinary method used for delicate galvanometers. If electro-magnetic damping is 
used, it is easy to vary the damping, but with mechanical methods it is much more diffi- 
cult. 

In the particular case when « = 2ir/7’g the solution of equation (35) becomes 

a = e-«(A + ^) (61) 

If the pendulum were displaced a distance % and released at time t <= 0, the arbitrary 
constants and il, take such values that the equation becomes 

a — aoe"*'(l Kt) (62) 

and the pendulum approaches its position of equilibrium rapidly at first but only reaches 
it after an i nfini te time. If we have control over the damping factor, we can attain this 
condition by starting with a damped periodic vibration and then increasing the value 
of K until the pendulum no longer crosses its equilibrium position, when displaced and 
released; the value of k would then be 2WT,. 

A second method to determine « is to start the pendulum into sudden motion by a 
smart blow delivered at the center of oscillation and then determine the time for it to 
attain its greatest displacement. Equation (58) becomes under these conditions 

a = — ^ — (c-’"*' — e-"**) (63) 

nil 

where is the initial velocity. If we put da/dt equal to zero, we find that the time of 
greatest displacement, <j, is given by 

(m, - m,) = log, 5h = 0.4343 log,, ^ (64) 

WI 2 ^2 

Under similar conditions, equation (61) becomes 

a = v^e~'“ (66) 

and the time of greatest displacement is ^ven by 

t, = l ( 66 ) 

JC 

The effect of solid friction is merely to shift the position of equilibrium; this, however, 
is only strictly true provided p' is truly constant; but we have seen that this is not the 
case when the movement of the penduliun is slow in comparison with that of the drum, 
as it would be during a large part of the motion in the case under consideration. Prince 
Galitzin is the only person so far who has used such excessive damping, and he has used 
optical registration so that the friction of the marking point is absent. If mechanical 
re^tration were to be used with a so strongly damped instrument, a careful experimen- 
tal study should be made of its effect, as we can not say that we know how to allow for it 
at present. 


INTEBPBETATION OF THE BECORD. 

We have seen how to find the values of the constants which enter the equation of 
the horizontal pendulum, so that we can apply the equation to a given record and find 
the corresponding movement of the support. To do this we must integrate the equation; 
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that isj we must substitute for a, da/dt, and d^a/d^, their values as 9 ven by the record, 
and we can then calculate If, as is generally the case, the record is not a simple 

regular curve, we must determine 
the values of a and those of its 
derivatives for points of the curve 
at very small intervals and then 
integrate the resulting values of 
graphically or otherwise. 

This process is very long. If, on 
the other hand, the record is a 
timple harmomc curve, and it fre- 
quently approximates this for short 
times, we can integrate the equation 
directly. Equation (26) becomes, after substituting the values of the coefficients, 

^+2.f+.'«-r0+r,.vTj>'=(' (67) 


1 




wm 

m 

■ 

mm 

m 

■ 
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Fig. 44. 


where we have put v? for gi/L, or (2w/7'o)», by equation (32). 

Let us suppose first that there is no rotation, and the term disappears. Choos- 
ing the origin of time when the pendulum has its greatest elongation in the positive direc- 
tion, we can write 

a SB Op cos (2 = dp cospt (68) 

(2a/d<ss— jMioSin = (69) 

p' is a discontinuous function, having a constant numerical value, but suddenly changing 
sign with the velocity which it always opposes. We can represent it by the series 

p> SB liT (sinpf 4- i sin 3pt + sin 6pt • • • ) (70) 

W 


where nV, or (2 7r/7’<,)V, as in equation (48a), is the positive numerical value of p'; this 
series represents the broken line in figure 44 for all values of t. Substituting the above 
values in the equation of the pendulum, it reduces to 

F0 = .7lco8(/>« — x) — ^^(sin/rf-f-isinSjrf-f-. • •) (71) 

where 

.4 COB X = ao(«* —P *) ; .4 sin X = — 2 (tpo# A* = a**} (n* —/)*)* -|- (2 »tp)*{ (72) 


Multiplying by dt and integrating from < — 0 to f we get 

A, 

P 




+^(e<,„+lco.3p<. + ..) (73) 

Integrating agtdn, after replacing the last series by its value, wV8, we get 
Ff-F6,-F(|)^«=-^co8(jrf-x)-H^co8x-h|sinx.« 
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Since this holds for all values of t, we must have 


V 


= _ 8mx + -^ 
0 P ip 


r6,= --COBX 

= -p cos (p« - x) + ^ (sin p* + i sin Six . 


( 76 ) 


The series converges so rapidly that we may neglect all but the first term; indeed, if we 
attempt to draw the curve represented by the series making the amplitude of the first 
term 25 mm., that of the second term would be a little less than 1 mm. and would have 
a small effect (see figure 45) ; that of the third term would only be i mm., and its effect 
would hardly be perceptible on this scale. When we consider that the friction is by no 
means constant during a half swing of the pendulum, and that the curve recorded by 
our instrument is by no means an accurately harmonic curve, we feel entirely justified in 
accepting the value of ^ obtained by ne^ectlng all terms of the series except the first, as 
representing its true value well within the limits of our observations. We then have 


where 

Bcos^ 


A A 

Ff = -^cos(pt-x)+^ 8mp« = J5cos(p<-^) 

p* irp' 




Bsin^=-^sinx-f^'J- 


JP = — -.4 8mx+-3-^ 

p* irp* rrp* 


A.JI 


(76) 


(77) 


If, however, we wish to take into account the second term of the series in equation 
(75), the second term of equation (76) must be increased by (4 nV/wp*) (sin 3 p</27),and 
we observe that it will have no effect on the maximum amplitude if is 0, or ± 60°, or 

±120°, or ± 180°; that it will increase B by 
4mV277rp®if <^= +30°, or + 150°, or -90°; 
that it will decrease it by the same amount 
if ^ — 30°, or — 150°, or + 90°. If we 

suppose the period of the disturbance to be 
twice that of the pendulum, nVp* = 4 ; and if 
r = 0.2 cm., then the change in B may, at 
most, amount to 0.8 x 4/27 ir, or about 
sV cm. ; and if V is 10, the alteration in the 
calculated value of the amplitude of the 
earth’s disturbance may amount to cm., 
or 2 ^ mm. As the actual amplitude is apt 
to be one or more millimeters to produce a 
movement large enough to justify us in 
regarding p' as a constant and thus make these cidculations apply, the effect of the 
second term of the series may be neglected within the limits of errors of observations 
and theory. These data are fair values for the Bosch-Omori seismograph; for other 
instruments they would have to be modified.^ 



* If we wish to avoid all approximations in our solution, we can do ao by replacing the two series 
of equation (73) by their values 


= 

ip wp 


on integrating we find 


(coept + icosap«+. . .) = 


Ff = -|cos(p«-x)+^g?-J^? 


This equals the values ^ven by equation (75) between t = 0 and t = P/2; but it does not hold outside 
these values; and the variation from the harmonic form is not so readily seen. 




THEORY OF THE SEISMOGRAPH. 


169 


We find, therefore, that a simple harmonic record corresponds pretty closely to a 
simple harmonic disturbance magnified in the proportion of 


JfT— ^ — ^ 1 ^ 

B/V V + (8 r?r/vp*) .d sin ;( + 16 nV/ir^* 


(78) 


since B/V is the amplitude of the movement of the support or the earth. In the simple 
case where r = 0, or where it is small enough to be neglected, the denominator reduces to 
il/p*-, and we have, substituting the value of A/j? from equation (72) 


W=- 


V4/'»(K/2',r)*+j(iy^<^*-ij* V4(Kr„/2»)»(p/r„)»+ \{p/T^y-i\^ 

or by equation (44b) 


W= 




(79a) 


This is the formula given by Doctor Zoeppritz and is perhaps in as simple form for cal- 
culation as it could be put. It is a function of the ratio P/Tq] the constants of the 
instrument are taken account of in the quanfities, T^, c, and V ; the latter we have seen 
equals rU/L. In the particular case where P = T^, tlw! magnifying power becomes 


Vrr _ + log,”* _ 1 \^1.86 2 -i- log ^ t 

1 C To 21og,c 21oge 


(80) 


which grows larger as * or e grows smallet; but neither k nor e can over absolutely 
vanish, and therefore this magnifying power can never become infinite, though it may 
become very large. 

If the solid friction may not be neglected, we must use the full denominator of equation 
(78) and the magnifying power becomes 

v; W 

-B/ V r)S(P/ To )••> + {( P/ 7’„)* - 1}*+ 4 (« 1^) (4 r/,o„) (P/ + (4 f^* 

in which {KT^/'lir) may be replaced by its value given in equation (44b). 

The solid friction adds two terms to the denominator and reduces the magnifying 
power; these terms depend not only on the value of «7’g, P/IT^, and r, but also on the 
recorded amplitude, becoming less important as the amplitude increases. These formulse, 
equations (79 a) and (81), are rather complicated, and could not be easily and (juickly 
computed.* In reporting amplitudes, it would be much better for each observer to deter- 
mine the magnifying power of his instrument and to report the actual movement of the 
ground, instead of the movement of his instrument as is usually done. 

We have found (p. 168) that a simple harmonic vibration of the pointer, a = cos pt, 
is the result of an approximately simple harmonic disturbance of the support, f = {B/V) 
cos {pt — <f>). This result is true whatever be the value of «, therefore it holds whether 
the free movement of the pendulum is simple harmonic as on page 158, or an exponential 
curve as on pages 159 and 165. We can reverse the result and say a simple Wmonic 
movement of the support will produce an approximately simple harmonic movement 
of the pointer. 


‘ A table, giving the values of the denominators of (79 b) for various values of e, and of P/To has 
been published by Dr. Karl Zoeppritz in “Seismische Registrierungen in GSttingen im Jahre 1906." 
Naoh. d. K. Geselu. d. Wiss. Math.-Pby8. El. Qdttingen, IMS. 
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If the movements of the pendulum are simple harmonic, and due to tilts alone without 
linear displacements, we merely interchange — Vga^ for FePf/(ft* in equation (71) ; we get 

*V=-^oo8(j)«-x)=Fj»' (82) 

As does not enter the equation as a derivative, no integration is necessary, f/ changes 
its value suddenly from + }/ to vice versa, when pt is zero or any multiple of w] 

therefore a>, consists of parts of a simple harmonic curve separated by sudden discontinu- 
ities at these times. But as we can not admit discontinuities in the value of we must 
conclude that when j/ has an appreciable valiie, a simple harmonic movement of the 
pointer can not be produced by tilts of the grouncL 
We are therefore led to reverse the process and determine what movement of the 
pointer would be produced by a simple harmonic tilt of the ground. We must replace 
in equation (67) by E Gos{pt—‘^Q), and integrate the equation after omitting 
(The same solution would apply to the case of simple harmonic linear displace- 
ments if we omitted Vg<o,,&nd replaced V(P^/d^ by E oos{pt — ir^)‘, that is, if we made 
f = — {E/Vp?) cos (pt — ■^p).) The solution of the equation would then be very simple if 
we could neglect p', but when we consider this term it becomes rather complicated; but 
it can be found. iVom the nature of the disturbing force, and on account of the damp- 
ing and friction, it is evident that after a short time the movement of the pendulum 
must become perio<hc and have the same period as the force. We can therefore write the 
solution in the general form 


o = a, (cos — g>i) + a, cos (2 jrt — • • • etc. = 2o» cos (mpt — ilfj) (83) 

where tn represents all positive integers. It is also evident that the arms of the broken 
curve in figure 46 (which represents the movements of the pointer; the continuous 

curve represents the disturbance) from a, to Oj 
and from Oj to a,, must be perfectly similar, 
as the forces when the pendulum is moving 
in one direction are exactly the negative of 
those when it is moving in the opposite direc- 
tion. Therefore the time the pendulum takes 
to swing from to will be exactly half 
its period, and if we take the time as zero 
when the pendulum is at Op, its maximum 
displacement, we can develop p' as a series 
of sines of the form of equation (70). Sub- 
stituting these values in equation (67), after onutting Vd^^/dP, and requiring the equation 
to be identically satisfied, we have, with the equation da/dt=0 when a sufficient 
number of conditions to determine the values of the amplitudes a^, a,, etc., and the phases 
etc., of equation (83), and thus completdy to determine this solution. The work 
is rather long and it will be sufficient to ^ve the result. We find for the solution 



Fio. 46. 


a, = V(^ + 8^/p 

n-9^j^ + S^.^ ^^4:n*r 2^coBmpt + (my-nF)sinmpt 
p p ^ rm (»»y — n*)* -I- (2 fcwip)* 


(84) 


where m has all odd poritive integral values greater than 1. 0, when m is even. 


S 


=2 


4nV mV — n* 

wm (mV — «*)* + (2 *mp)* 


with the same values of m. 
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Q is found from the qiiadralic equation 


p‘ «• P* V "• y irp 


where N is written for n’ — The other letters have the same meanings as heretofore. 

mV — «* . 2 Kwip 

Bini^- = — p— -^J. rrr CtM — ■ — £ 

— n*)* + (2 Ktnpy V (m^ — n*)* + (2 wwip)* 

The presence of both sine and cosine terms in (84) shows that the movement of the 
pointer is not symmetrical about a vertical line. The solution is too complicated to be 
of any general use and is another example of the disadvantage of solid friction in our 
seismographs. 

If the disturbance is small, it may not be strong enough to overcome the solid friction ; 
referring again to equation (67), we see that no reconl will be made in the case of linear 
displacements unless 

(P(/dfi>I>'/V, or >n^/V, or >4*»r/r7’„», or 
if f = X COB pt 


we must have the maximum acceleration, p*X>nV-/F; that is, X > (P/Tol’r/F, or 
>(,P/2iry4mlj/Ml. If the disturbance is a small tilt, o>„ must be greater than p'/Vg; 
if ®, = X1 cosgt, in order that a record be made we must have £l>Aw*r/VgT*, or 
><ftnilt/Mlg. In studying the action of solid friction it has been supposed to be due 
both to friction at the pivots and to friction of the marking point; where the latter 
exists at all it is apt to be much greater than the former. If we are dealing with small 
disturbances of periods not very short, the friction at the marking point is no longer a 
constant, but has the characteristic of auscous damping. So that in determining the 
smallest disturbance that will produce a record, under these conditions, we must sup- 
pose p' to refer to the pivots only and not to the marking point. 

Professor Marvin has shown how and consequently p' and r, can be practically 
reduced. He attaches a small electric vibrator to the frame carrying the lever, and the 
successive slight jars produced by it diminish the effective solid friction to a large 
extent.* 

The solutions we have found, showing the relations between the disturbance and the 
record when solid friction is present, refer to the final steady condition and do not apply 
to the be^nning of the disturbance. The character of the record at the beginning of 
a simple harmonic disturbance can not be shown in a continuous form, as we can not 
represent p' as a series unless it is periodic and we know the times when it changes sign. 
In the beginning of a disturbance these conditions will, in general, not hold. The same 
renuu'k applies to the case where the disturbance consists of two or more simple har- 
monic motions of different periods. But if p' can be neglected, these difficulties disap- 
pear and the solution of equation (67) becomes simple. If we suppose the disturbance 
to be made up of a number of simple harmonic linear displacements and tilts, we must 
write in the equation: 

Ff=C,co8(p,e-xi)-f-C;ooB(j>,«-;^)-|- • • • 
whence F0= -^,oo8(p,«-xi)-^*c‘>8(l’i«-x«) + • • • 

and we must write ^9^^ — A cos {q^t — ^,) + A cos — ^) + • • • (86) 


Improvements in Seismographs with Mechanical Registration. Monthly Weather Review, 1906, 
vol. zudv, pp. 212-217. 
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The solution then becomes 

a = jK'+ a, cos (p»<— xi') + cos (pjt — xt') + etc. + 6^ cos (g,< — + ft, cos + etc. (8Z) 

where 

(W c, c’, 


Oi = 


V(n»-jV)*+ (2 «/),)» ViiP^ny- Vi^+4iKT^‘2ny(p,/f;y a 
sin(x/-X.) = --7^^ ■ =2 (kV^,)(W 

V(n*-K)“+ (2 «/>,)* A 


C08(xi'-Xi) = ;7^ 


n’-P.* _(P,/T,y -1 


ft,= 


A 


D,(L/{n-){Q,/ny 


_ _ Di(L/gi )(Q,/T„y 

-«/,*)*+ (2 KV,)* V{(Qyr„/-lpH-4(«3V2ir)*(Q,/r„)* A' 


sin 




( 88 ) 


with similar forms for the other subscripts ; the values of A and A' are evident. And 
A’'= Ai#’"*' sin (2 ir/T) (f — <o) ; when »c<r2ir/7’o ] 

= «”*' (A, + Aj:) ; when « = 2 ir/To 
= + -.4,« ; when *c > 2 jt/T^ 

where A^, A^, and are arbitrary constants to l)c determined to satisfy the initial con- 
ditions ; the value of 2-tr/T is given by equation (37) and the values of wij and by equa- 
tion (59). 

We see therefore that the movements of the pointer will consist of a number of simple 
harmonic motions of the same periods as the disturbance, but with a difference of phase, 
and of the proper movement of the pendulum, which is well marked at the licginning of 
the movement, but dies down more rapidly as * is larger. Altho we have seen that we 
can not get a general solution when there is solid friction, as we have when this is absent, 
nevertheless it seems pretty certain that the effect of solid friction would be to shorten 
the interval of irregular movement of the pendulum before the regular harmonic move- 
ments are established. 



MAGNIFICATION OF HARMONIC DISTURBANCES. 

The magnification of each simple linear harmonic movement is given by the ratio of 
the amplitude of the pointer to that of the disturbance corresponding to that movement; 
that is, o -I- C-^/V ; this becomes 

„_a,r_ pfr r 

which is the expression we have already found in equation (79). 

To determine the magnifying power for tilts, we must compare the maximum angular 
displacement of the marking lever with the maximum angular tilt of the support. If I 
is the length of the long arm of the marking lever, its maximum angular displacement 
for a particular movement will be h/i] and the maximum tilt will be D^/Vg; the ratio 
becomes 

Ai * V| (Qv'2’«)*-i y+.i(KT^ »r)»( A/T.)* 
here is the period of that particular movement of the support. 


( 91 ) 
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A glance at equations (88), (90), and (91) shows that in the record the magnification 
and change of phase of the various harmonic movements of the disturbance are different 
for different periods, and therefore the curve of the record will not be the same as the 



curve of the disturbance, if the latter consists of movements of more than one period; 
and it is not possible by incn^ising * to equalize the magnification of the movements for 
different periods and the phase differences, and make the two curves alike; but it 
might be possible to pick out the different harmonic movements in the record and then 



Fiq. 48. — Differences of phase for linear displacements. 


to calculate the harmonic movements of the disturbance; we could not, however, deter- 
mine whether these movements were linear displacements or tilts. To make clear the 
inflnftnftft of damping, I have, following Professor Wiechert, drawn the diagrams, figures 
47 and 48. Figure 47 shows the relative magnifying powers for linear displacements 
for various values of the damping ratio and for different ratios of the periods of the 
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disturbance and the free period of the pendulum; the curves are calculated from equa^ 
tion (90). Figure 48 shows the phase differences for the same variables calculated 
from equation (88).* We notice that for values of 6 not too large, the magnifying power 
increases with the ratio of the periods to a maximum and then dimimshes indefinitely. 
The position of the maximum, found by equating to zero the derivative of (90) with 
respect to P/T^, occurs when 

(92) 



and its value is 


W(max) = — — 

Vl-(P/7’»)‘ 


(93) 


For small values of e the magnifying power varies enormously for different periods, 
becoming very large for periods approacidng the free period. Instruments with small 
damping emphasize certain periods unduly. As we increase e, W becomes more uniform 
and when e is about 8: 1, W varies by less than one-tenth of its value for all periods up 
to the free period, and is very nearly equal to V. This amount of damping would be 
excellent, but it would not make the curves of disturbance and record alike, for altho 
the magnification of the different periods would be practically the same, figure 48 shows 
that the phase differences would not. Nevertheless this offers great advantages; in 
the case of nearly simple harmonic movements, which probably occur not infrequently, 
our record would show the magnifying power without long calculations, whatever be the 
period, up to the free period; and the record would show directly the relative displace- 
ments in different parts of the distmbance, without unduly magnifying certain parts. 
With this value of the damping ratio the proper movements of the pendulum would be 
damped out in one or two vibrations. The longer the proper period of the pendulum, 
the greater the range of periods over which the magnifying power remains nearly con- 
stant. This is the principal advantage of long proper periods when recording harmonic 
disturbances. 

For increasing values of e the position of the maximum moves to the left and becomes 
zero when 1 — 2(*7’5/27r)* = 0, which corresponds toe = 23:1. For values of e greater 
than this there is no maximum; the magnification is greatest for infinitely small values 
of P/T^ and diminishes for all greater values; when e becomes oo:l; 27r/*7’o equals 
unity, and the instrument is deadbeat; W is considerably diminisht and varies greatly 
in value. 

The magnifying power for tilts is shown in figure 49 ; it is equal to the variable part 
of that for displacements multiplied by (nA)(Q/2’„)*. Its value is zero when Q/T^, is 
indefinitely small; it increases with this factor and reaches a maximum when 


when its value is 


1 

r, l-2{KT^2ny 


U(max) 


n (Q/r,)» 


(92a) 


(93a) 


it then diminishes to n/t when Q/T^ is indefinitely large. The position of the maximum 
is at Q/T^= 1 when e = 1 (i.e., x = 0) ; it moves to the right as e increases, reaching in- 
finity when 1 — 2 («7’(/2 w)* = 0 ; or e = 23.1 . For greater values of e there is no maximum. 
There is no value of e which produces a fairly even degree of magnification for even a 


* For < = 1 : 1, the difference of phase is 0.5 for values of P/To less than 1 ; and is 0 for values of P/To 
greater tiian 1. 
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small range of values of Q/T^ when this ratio is not large, except a value large enough to 
reduce the displacement of the pointer to a small fraction of that of the earth. 

The factor independent of the period is n/t; and this can be increased indefinitely 
by increasing the number and magnifying power of the levers, and by diminishi ng t; 




■■■■■■iaHBavaaaaHiaaiBaiaaaBaiEiaaBaaaaaBBsr 

BaaaaaBBaaBaaaaBHaBaaBaaHaaBaaBBaaaaBaBaaaBi 

■■■■■!!■ ■■■■■■■»■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■ 

nnnnnriBBBBBBHBHBHBBBBHBBBBBHBBBaaBBaaaBBBBBBBBBaB 
BBBBflBiBBBBBBaBBBBBBBBBBBBBBBaapaaBiBBaBaaaBBBBBai 
BBBBBB.IBBBBBBBBBBBBBBBBBBBBIiaBBiBBBBBaBBBBaBaBBBB 


we arc, however, confronted by the friction of the marking point, which becomes so im- 
portant as we increase the magnifying power that small tilts are not recorded. But this 
can be overcome if optical methods of registration are used; and if the friction at the 
pivots is avoided by methods mentioned further on. 


MAXIMUM MAGNIFYING POWERS. 

It is important to magnify largely the movements of the ground by the seismographs ; 
instruments in present use, which apparently magnify eight or ten times, give sufficiently 
large records of parts of strong distant earthquakes ; but this is principally due to lack of 
damping and to the fact that the periods of the waves harmonize with the proper periods 
of the [)endulums. If these pendulums were damped to a ratio of 8:1, we should get 
much smaller records. Let us see how V, the other factor in the magnifying power of 
linear displacements, which is independent of the period, can be altered. It might appear 
that this factor could be increased indefinitely by increasing the number of the multi- 
plying levers, and the ratio of their long to their short arms; but this is not so, even 
when we neglect the solid friction. The value of V given in equations (29) becomes, on 
replacing n and L by their values, 

• ■ iij 

~ 1+ UyV -f- ... 4- /* 

where x is the number of levers; and the subscripts of the /’s are omitted. Let us sup- 
pose that the levers are all alike; we may then write (using the same notation as before), 
n^ = n^ = n^‘ • "Ctc. —m, the multiplying power of each lever, and I' — I" ‘ • ‘ =kl; 
the e(]uation becomes 

/ 1 1 «,**(! + TO* + . . . + TO«"-*>j to 7 { 1 -I- «i**(to** - 1 )/(to* - 1 ) { 


( 94 ) 
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We can use various values of n,, but the best is when n^k (w** — l)/(m’ — 1) = 1, which 
gives for the magnifying power 


V(max) 


MU jm*-! 
2/Vjfc^ m* 



( 96 ) 


X can not be less than 1, and m is usually much greater, so that the radical never differs 
much from unity; it can therefore be neglected, and we see that the maximum value of 
V is independent of the number of levers used, if we give its best values. If we use 
only one lever, nj®= 1/A:. This is not always practicable; for instance, for the Bosch- 
Omori instrument, 1/A: = 220,000; nj = 470; and since 1^ = 75 cm., becomes 0.15 cm. 

On tlie other hand, we can determine the best numbers of levers to use by determining 
the maximum value of V for variations of x in equation (94). This gives 


_1_ log 
21ogm ® 


V(max) = MlK m*-!) 

2 m/Vfc Vi»* — 1 — M|% 


For the Bosch-Omori instrument, n^k = about, and with m = 10, x becomes 2.17, and 
the maximum value of V is 78. If we omit n^k and 1 in comparison with m^, the above 
expressions become 


21ogm 21ogm 


V(niax) = 


Mil 

2lVk 


( 97 ) 


k and 1 are not independent; replace k by its value, I'/ 1, The moment of inertia, I', 
of each lever is principally that of the long arm, as the short arm counts but little; if 
we double the length of the lever, we must at least quadruj)lc its mass to keep it strong 
enough; we may therefore suppose its moment of inertia equal to /il*; introducing this 
into the values of x and of V(max) we get 


x = 


1 log-L. 
21ogm 


V (max) = 


Ml 

2l-\/^I 


( 98 ) 


and we see that we get a greater multiplying power, if we use short and light levers, 
rather than a smaller number of longer and correspondingly heavier ones. fi depends 
on the density and distribution of material in the levers, and should be made as small 
as possible. Ml/ V / varies proportionally with VM, but very little with I, if I is several 
times as large as the radius of gyration of the pendulum about its center of gravity; 
therefore V (max) can be increased by increa.sing M, rather than by increasing 1. 

We have not considered the solid friction of the marking point, which, as has been 
shown on page 171, increases the minimum acceleration which can be registered in the 
proportion of the multiplying power of the levers, and is in general so great that it exerts 
a controlling influence over the possible magnifying power of the instrument. The 
investigation, therefore, does not apply directly to seismographs with mechanical regis- 
tration, but would apply to instruments of the same form if direct photographic registra- 
tion, as in the Milne instrument, were used at the end of the last lever. 

This suggests a method of optical registration by which very high magnification cah 
be obtained without placing the recording paper far from the instrument. In the usual 
optical method the light is reflected directly from a mirror carried by the pendulum; but 
if the mirror is carried on the axle of a magnifying lever, the angle thru which it turns 
can be increased very greatly (fig. 50). The magnifying power becomes 


2(lff_2Mln,d 
U J+n/r 


( 99 ) 
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where d is the distance from the mirror to the recording paper. The best value of is 
l/I', and the corresponding magnification is Mld/’^II'. As an example, suppose the 
pendulum consists of a mass of 10 kg. placed at a distance of 20 cm. from the axis of 
rotation ; I would be 4 x 10* cm.*gm. ; let be 4 x 10* cm.*gm., a little greater than that 
of the lever of the Bosch-Omori instrument; then 1/1' = 10*, and n, = 100. If d = 
100 cm., the magnifying power becomes 500. If we desire any other magnification, we can 



select the proper values of M, I, nj and d to give it. If a very high value of V is desired, 
the arrangement shown in figure 51 can be used. The light is reflected twice from each 
mirror and at each reflection is deflected thru twice the angle of rotation of the mirror. 
The magnification becomes 


Mid 4 w, (1 + m 4- wt* + • • • + m*"') Mid 4 n, (mi + 1) (mi* — 1) 

■7 + V/'!i + wt* “ /(Mt=* - 1) + »i* P (Mt*- - 1) 


( 100 ) 


d is the distance from the last mirror, following the course of the light, to the drum. 
We have neglected the angle thru which the light is turned by the mirror on the pendulum, 
for with any fairly large value of nj it is very small as compared with the total deflection 
of the light. The best value of is given by 


and 


»i,“7'(Ht*'-l) = /(Mt -1), or w,* = (//i')(Mi‘-l)/(»/t*'-l) 
V(m(ur) = ^^2^ /Mt *-1 w+ T 

Vy/' ^ — 1 Ml* + 1 


( 101 ) 


The radical is largest when x is large, but it does not vary much ; when x = 1, it equals 1 ; 
when x = 2, it equals V(mi + !)*(»»*+ 1), which equals 1.095 if to = 10; and when x= 00 
and TO = 10 it equals 1.111; so that very little is gained by increasing the number of 
levers, except to get a proper value of n, more easily. If M = 10,000 gm., Z = 20 cm., 
d=100cm., 7 = 4x10®, /' = 4xl0*, x = l; then nj = 100; and V(TOax) = 2A7W/4 x 
10* = 1000. If we make x = 2, and to = 10 ; then = 10 and V (max) = 1090. 

If the value of rij were fixed, we should find for the best number of levers to use, and 
the corresponding maximum magnification 


x = 


logm 




N 


F(max)»!- 

Inii'H- V//'(Mi*-l) 


( 102 ) 
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Taking n| * 50 anH the rest of the data as before, we get x «= 1.32, and V (max) = 1000, 
the aa-TTift value as before; but if we noake x = l, the nearest practical value, we find 
V{max) ss 800, which is not very much less. By using steel ribbon for connectors at the 
axes, and between the pendulum and the levers, or by using one of the devices suggested 
by Dr. C. Mainka,* we could easily get rid of solid friction, and realize the theoretical 
values above. 


SUSPENSIONS OF HORIZONTAL PENDULUMS. 

There are 4 forms of suspension for horizontal pendulums : (1) The Gray suspension 
(figure 52) ; a horizontal beam carrying a wtight presses against a point, and is sup- 
ported by a tie thru its center of gravity. Let F be the tension of the tie, P the pressure 
at the pivot, supposed horizontal, and W the weight; for equilibrium, these 3 forces 
must pass thru the same point and we must have 

F’cosaasH^, or FssW/oosa J’8in« = P=TF’tan« (103) 


The friction at P depends upon the pressure there; and we see it is less as « is smaller. 
This can be brought about either by putting the weight closer to the pivot or by length- 



ening the distance between the two points 
of support. By the first method we sWten 
the distance of the CG from the axis of 
rotation, and we change the values of the 
constants in the general equation; by the 
second method, these constants are not 
affected. 

(2) The Ewing suspension; this differs 
from the preceding only in replacing the 
pivot by a thin steel ribbon, thus doing 
away with the friction at this point. The 


horizontal beam is extended beyond the 
axis of rotation and is fastened to the axis 
by a steel ribbon. Professor Ewing sug- 



gested that a steel pin occupying the posi- 
tion of the axis of rotation, and connected 
firmly with the support, should pass 
through a slot in the beam, and thus pre- 
vent lateral movements of this part of the 
beam; but this pin introduces some fric- 
tion. This use of a steel ribbon has only 
lately been put into practice (by Professor 
Wiechert). 

(3) The von Rebeur-Paschwitz suspen- 
sion (figure 53) : the points of support are 
sharp steel points resting in agate cups, 
the upper one being turned to produce a 
supporting force. The three forces P, F, 
and W must meet in a point, which is ver- 
tically below or above the center of gravity. 


^ Kurze Uebersicht tiber die modemen Erdbeben-lnstrumente. Die Mcchaniker, XV Jahrgang, 1907. 
Since the above was written Prof. C. F. Marvin has suggested a practically similar method for increasing 
the magniMng power. Universal Seismograph for Horizontal Motion.’' Monthly Weather Rev., 
1907, vol. X3SV, pp. 522-634. 
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The two points of support and the center of gravity lie in a vertical plane when the 
instrument is in equilibrium. The direction of the forces F and P can be somewhat 
controUed by the direction of the points and of the cups, but friction will alter the 
direction of the forces to some extent. Usually a plane surface is used instead of one 
of the cups, which renders it unnecessary that the distance between the points should 
he exactly the same as the distance between the centers of the cups. Taking moments 
about the points of support, we find 


P 


P_ wv(p-i,y+p 

V 

\ 


(104) 


where the meanings of the letters are shown in the figure. These forces become equal 
when Ij = l'/2, and they make equal angles with the vertical ; they then pass thru the CG; 
they b^ome smaller as V becomes larger in compaiison with 1. When the lower point 
presses against a vertical plane agate surface, the direction of P is horizontal, \ — V, 
and 


p_ TFVP + P 


P.wi 


(106) 


ifi=r, p=i.4ip. 

(4) The Zollner suspension (figure 54) ; the beam is supported by two wires and m, 
fastened to the support, one above and one below the beam. The direction of the forces 
must pass thru the vertical thru the CG of the beam; and therefore the angle must be 
greater than the angle a, ; but the values of these angles can only be found thru an equation 
of the fourth degree, and can only be expresst by a very complicated expresrion. The 
Zollner suspention has the great advantage of not having any pivots, and therefore, if 
an optical method of registration is used, there is no solid friction. For very riow move- 
ments it would answer very well, but for more rapid movements its motion is too compli- 
cated. It can have linear displacements parallel with and at right angles to the beam, 
as well as a rotation around a nearly vertical axis at right an^es to the beam. The 
linear movement parallel with the beam also caused a vertical movement of the mass. 
These various movements, themselves the effects either of linear displacements or tilts 
of the support, could not be separated from each other by a single registration; and it 
would be impossible to interpret the record. To avoid these complications Prince Galit- 
zin has proposed to have the beam press by a point against an agate plate placed close 
to the axis of rotation, and he has shown that even when the pressure is very light, the 
device will prevent the first two movements. Another way would be to fasten the point 
of the beam where it crosses the axis of rotation by guy-wires. They would prevent it 
from moving out of this position, but would not interfere with small rotations. Prince 
Qalitzin has suggested this method for other instrxunents. Either of these devices pre- 
vents all relative motion except a simple rotation, without introducing friction, and the 
theory of the instrument then becomes the same as that already given for the Gray or von 
Rebeur-Paschwitz forms. All instruments of the Zollner type in use up to the present 
time have no device to prevent the complicated motions, and in attempting to interpret 
the records of the California earthquake as given by instruments of tl^ type, we must 
assume that only rotations take place. 


THE VERTICAL PERDULUH. 

Let US now consider the movements of an ordinary vertical pendulum whose support 
is subjected to an earthquake disturbance producing the three displacements, v, 
and the three rotations, a>,, o>,. 

Let 0, figure 55, be the origin of coordinates and let X, Y, and Z be the codrdinates 
of the point of support; then if Z is the distance from the point of support to the CG, the 
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coordinates of the CG will be X, Y,Z—l. In the figure, we have omitted the linear dis- 
placements for the sake of clearness, and have represent^ the CG, as not moved by the 
rotations; this introduces no error as the angular rotations arc all given their proper 
values. As in the case of the horizontal pendulum, let us refer the motion of the 
pendulum to three axes fixed in the pendulum and moving with it; and which are 
principal axes of inertia. Axis (3) lies in the line from the point of support to the CG. 



li! Fio. 55. 

Axes (1) and (2) are the rotated positions of lines at right angles to (3) and passing thru 
the CG, which were, before rotation, parallel to the fixed axes of coordinates. Axes 
parallel with these and passing through the jxiint of support have primes. 

We assume that there is no rotation around the axis (3). If the ixindulum were su;)- 
ported at a mathematical point, no such rotation could be set up as the direction of the 
force there passes through the axis; practically the support is a small surface and it 
might be possible for a small moment to exist around axis (3), but it would be so small 
that we may safely neglect it. 

What is actually measured is the displacement of the CG relative to the CG,; that is, 
the angles dj and d^; we must therefore form our equations of motion connecting 0^ and 
^2 with the displacements and rotations. Using the same notation as before, except 
that ^1 and 0^ are used for the angular displacements of the CG relative to the CG„ we 
foUow the same method to develop the equations of the pendulum. 

The linear accelerations of the CG are given by equations (4), and Euler’s equations 
of angular accelerations around the CG are 

r d* (fl, j r (P ($1 + a)f) _ Jf 

J, a 7, - 7f 


( 106 ) 
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where A and B are the moments of the forces around the axes thru the CG parallel with 
(!') and (2'). As before, we have neglected the term containing the product of the angular 
velocities, as o,, and therefore its derivatives are practically zero. Int the point of 
contact of the pendulum and the indicator be at a distance Zj from the point of support 
of the former. The indicator may be a vertical lever, in which case /j and/, are the two 
components of the reaction; or it may be made up of two horizont^ levers with their 
short arms at right angles to each other, and crossing at the point of contact with the 
pendulum; in this case and/, are the normal components of the force against each 
lever, and the frictional components parallel to the levers are neglected as in the case of 
the horizontal pendulum. 

The moments of the forces around the CG are 


A = -F^+Mk-l) 




(107) 


Fj and are ^ven by two equatioas similar to equation (10) ; the cosines of the 
angles between the axes are obtained from the figures 56 and 57, in the same way as in 
the case of the horizontal pendulum (p. 152). 


cos (x, 1) = cos V(«i», + + («D, + 6^^ — 1 

cos (y, 1) = sin (oi. + = lu, 

cos («,!)=— sin (etf„ 4- tfj) = — (w,+tf,) 


(108) 


cos (x, 2) = — sin (<d, — did^) = — 

cos (»/, 2) = cos V (<>>, + tfi)' + (<u, — OiOjf = 1 
cos (2, 2) = sin (o)’ + $ 1 ) = ((I), + Oi) 


We have 

and 


le. 


y = X<i), — (^ — /) 01, 4 Wi 


(109) 

2 = C4T<«.-Xo», (110) 


^ _l^ d‘u>, _y<Pw, _f(^ 

dP dP^^' ’ dP -J'* 


dP dP 


(U^ dP ' ' ’dP dP 
y _ Y IS 

dP dP dP dP 


( 111 ) 


and therefore 


Putting the values of the cosines from eciuations (108) and (109) in equation (10), we get 
Fis=Fg + WgF^ — (wy 4- O 2 ) F^ J^2 = —^zFt + 4- (w* + ^i) F^ (H*^) 


Introducing the values of Fj,j Fy, and F^ into these equations, and then the values of 
F^ and F^ into equation (107), and then the values of A and B thus obtained into equa- 
tions (106), we get for our equations of motion 
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j <l*(gt + an) _jy^r 

<«* Lldt* ^ (ft* (ft* d«* Afj 


— f ^ J- v* "^ _ TT 
l(ft*^ (ft* (ft* 


d«* dt* 

CPol, ir CPa>« 


cPitfy __ — 7 — * •— 

(&• di» dfi M 

_ + J)— « + j— 

' ' dfi de M} 

+ 9 1 (“» + J +/«(^ ~ 0 


(114) 


(116) 


If we take the point of support as our origin, the first equation becomes (since X=Y = Z 
= 0, and writing /„, = /, + MP), 


- (* + ' ^) - (0 + ») <"• + *i>] +■'■>'> - ^ 


(116) 


In this equation we have assumed that fy = /,. The friction at the point of contact makes 
it impossible to evaluate the exact value of/; it is, moreover, not large when the indicator 
is light; and these assumptions are always very nearly true. By omitting some of these 
terms as negligible and not considering the reaction of the indicator, and making the 
proper changes of notation, this equation becomes equation (81) of Professor Wiechert. 
If we take the ori^nal position of the CG, as our origin, we have X=‘Y = Z — l=0; and 
the equations become still simpler, namely. 




^3 

(ft* 




h 


d<* 

fPcil2 

lifi 


(117) 


where we have also put/^. These equations reduce to Prince Galitsin’s equation (99), 
on omitting certain terms and with proper changes of notation. 

We can simplify further by omitting some of the terms; d*S/dP can be neglected in 
comparison with g, as on page 154 ; the terms multiplying a, represent the moment around 
(1) of the forces parallel with x, and have a value on account of the very small angle 
between them. These terms are very small in comparison with the terms not containing 
and may be omitted; omitting also the terms I^dPa/dP and I^a^dP for reasons 
given on page 154, our equations become 

■To, ^ { ^ + !/(«. + tfi) } ^ + ®*) } (^1®) 

With these simplifications we see that the component movements of the pendulum in 
two directions at right an^es are just the same as tho there were two simple pendulums 
each constrained u> move in one vertical plane. 

We must now substitute the values of/, and/, from the equations of the indicators, 
equation (22). 

With the same assumptions made there, these equations are 


T I ft-n 

® w~ 


T. I> _ f"l II 

'dp 


(119) 
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We suppose that the pivots of the indicator lie on the positive sides of the axes of x and y 
respectively. These equations refer to horizontal indicators with vertical axes of rota- 
tion; the primes and seconds refer to the two indicators. If, as in the Vicentini pendu- 
lum, the first multiplying lever is vertical; then Iig! == I ] 0^ becomes 6^ ; and 
becomes 6^"; with these changes equations (119) still hold. Assume that /,— /j and 
write 0,'= -n'e^; - -n"0^, where and n" = !,/!,"; and 1," 

are the lengths of the short arms of the indicators. Remembering that and 

/i = —fi") and substituting in equation (118) the values of/, and /j from equation (119), 
we get 

( 120 ) 

(/a, + «'%,’) ^ + + (/(., + «'%,") j g _ s, (,«, + 0 ,) j 

The second equation becomes identical with equation (23) of the horizontal pendulum 
if we replace d*d,/d<® by d*d/d/*, and 0^ by t<?,, and shows that the actions of the two 
types of instruments are the same, but that, other terms in the equations being equal, 
the force of restitution of the horizontal pendulum is only i times as great as that of the 
vertical pendulum. The first equation differs only in that d^v/dP has a negative sign; 
this arises from the fact that a positive acceleration of v causes a negative acceleration 
of whereas a positive acceleration of f causes a positive acceleration of 0^; which is 
also true of the horizontal pendulum pointing in the {wsitive direction of y. This differ- 
ence causes no confusion in practice. On introducing terms for viscous damping and 
solid friction, we obtain equa- 
tions exactly like (25) and on 
passing to the recording point 
we get equations like (26). 

Therefore all that has been 
developed regarding the hori- 
zontal pendulum — the meth- 
ods of determining the con- 
stants, the magnifying power 
for linear displacements and 
tilts, and the interpretation of 
the record — applies equally 
well to the simple vertical 
pendulum, if we replace i by 1. 

THE niVERTED PENDULUM. 

The inverted pendulum 
consists of a mass balanced on 
a point so that its CG is verti- 
cally over the point. This 
position is rendered stable 
either by springs or by a 
second pendulum hanging im- 
mediately above, the two 
being so connected that the 
points of contact suffer equal 
displacements, and their weights and lengths being so adjusted that the total force 
arising from a displacement tends to bring the system back to its original position. 
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Tlus fonn was ori^nally suggested by Professor Ewing,* and the second type above men- 
tioned is called “Ewing’s duplex pendulum.” A rod attached to the upper pendulum 
records on smoked glass through a multiplying lever, usually multiplying four times. 
The glass does not move and there is no arrangement for recording the time. The record 
of movement is superposed upon itself and is usually difficult to interpret. Several of 
these instruments were working at the time of the California earthquake, and their dia- 
grams are reproduced in Seismograms, Sheet No. 3. 

Lately, Professor Wiechert has greatly improved the inverted pendulum.* He has 
made it very heavy, 1000 kg. or more, in order that he might magnify the motion sev- 
eral hundred times and still not have the movement too much affected by the solid fric- 
tion of the indicator. He has added a strong viscous friction so as to damp out the proper 
period of the pendulum and has thus produced a very efficient instrument. 

To keep the pendulum in stable equilibrium, springs are attached to a point of the 
pendulum distant {4 from its point of support. The forces thus introduced are propor- 
tional to the displacement; let us represent these forces brought into play by positive 
angular displacements, and d,, around the axes ( 1 ) and ( 2 ) respectively, by 
and — and v, would in general have about the same values. 

The equations of linear accelerations become 

= M^ = F,+f, + vJA M^^F,-Mg ( 121 ) 

The moments become 


The cosines of the angles between the moving and fixed axes are the same as for the 
vertical pendulum, equations (108) and (109). The values of the coordinates of the CG 
{x, y, z) are also the same as those given in equation ( 110 ), with the sign of I reversed. 
Carrying thru the same operations as before, making the original position of the CG the 
origin of coordinates and omitting the negligible terms, we arrive at the equations 


7 

7 



(123) 


If there is no disturbance and are all zero, and in order that the 

equilibrium should be stable, we must have v^l^/Ml>g, and vJ,^/Ml >g. Introduc- 
ing the values of /j and /j from equations (119), dividing by and writing 

= L^, [/( 2 ,]/il/Z = L„ we find 


0^0 1 _ ^ f vA* _ ^ _ A 

d0 Li d0 Li \Ml •') Li ~ 


<1*^8 1 ^ / w A* _ \ 6t 

Lt «i«* Li \Ml V Li 


0 (124) 


After adding damping and frictional terms to these equations, they differ from eciuation 
(25) only in some of the signs (which is a matter of notation), and in the factor multiply- 
ing the angular displacement. If we replace (Vil^/Ml — g)/g of equations (124) by i 
they become equivalent to equation (25), and on passing to the marking [mints, we get 
equations equivalent to (26). Therefore all the characteristics of the horizontal pen- 
dulum and the interpretation of its record may be applied to the inverted pendulum if 
we suppose i in the former to be replaced by {Ti>.J.^/Ml — g)/g. 

‘ Transactions Scistnoloncal Society of Japan, 1882, vol. V, p. 89; and 1883, vol. VI, p. 19. 

* EHn astatische Pendol hoher Empfindnchkeit zur mechanischen Registrierung von Erdbcben. 
E. Wiechert, Qerland's BeitrSge zur Geophysik, 1904, vol. VI, pp. 435-450. 
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SEISMOGRAPHS FOR VERTICAL MOVEMENTS. 

The older Italian form of instrument for showing vertical movements was simply a 
weight hung by a spiral spring, which would be set in motion by any vertical movement 
of the earth. Palmieri arranged it so that a 
very small displacement was sufficient to close 
an electric circuit and thus record a disturbance. 

Cavalleri added a magnifying lever, which meas- 
ured the movement of the weight. However, the 
period of such an instrument would be short 
unless the spring were inordinately long, and a 
second form has been devised to obtain a larger 
period in a smaller compass. This consists of a 
horizontal bar, pivoted at one end and carrying 
a weight at the other; it is supported by a spring 
attached to an intermediate {joint of the bar. 

This form of instrument w'as devised by Thomas Gray.* Professor Ewing* suggested that 
the point of support of the spring be below the bar, thus increasing the period for a 
given strength of spring. 

Let E be the force of the spring when the pendulum is at rest; and let p be the varia- 
tion of this force for a unit stretch of the spring; then for equilibrium (see figure 59), 

El^ — M(jl = 0 or JS-Vo CO.S a — A/j/Z = 0 (125) 

and when the pendulum is displaccKl thru an angle 6 the additional moment will be 

A (Eh cos a)6 = h~^ 6- Eh sin « • = (ph^ - Eh) 6 (126) 

da dh da 

and the free period of vibration will be 

= 2 V[/]/(^* = 2 »■ (1 27) 

We can therefore make the pori(Kl as long as we choose by selecting suitable values of 
p, M, I, and h. 

The. next modification for increasing the period of the pendulum is described by Prof. 
John Milne.* The supporting si>riug is a curved flat steel band ; and the compensation 

is obtained by a special spring fastened 
immediately above the pivot to an arm 
connected rigidly with the bar of the 
pendulum. As long as the pendulum 
is at rest this spring has no effect, but 
when the bar is raised or lowered, the 
spring exerts a moment tending to 
increase the displacement; this is 
equivalent to reducing the force of 
restitution duo to the main supporting 
spring, and therefore increases the 
period of the pendulum. The prin- 
ciple here made use of seems to have been first suggested by Professor Ewing.* Let 

* On a Sc*ismograph for Regisit'ring Vertical Motion, Trans. Seism. Soc. Japan, 1881, vol. iii, p. 137. 

A similar form is reported to have been us<k 1 at Comrie, Scotland, in 1841. 

* A Seismometer for Vertical Motion. Same, p. 140. 

* The Gray-Milne Seismograph, etc. Same, 1888, vol. xii, pp. 33-48. 

* Same, 1881, vol. iii, p. 147. 
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W be the force of the compensating spring and let h' be the length of the arm measured 
from the knife-edge. When the pendulum is displaced thru an an^e 6, the moment of 
the forces of restitution becomes 

(128) 

cUt 

and the period of free vibration is 

r, = 2»V[/]/(pl4*-^W) a29) 

If the pendulum points in the positive direction of y, it only records relative deflections 
around the axis (1). To find the equation of motion of these instruments when subjected 
to a distmbance, we proceed as in the former cases. For the last- 
described instrument, using the same notation as heretofore, we 
find the equation of linear displacement of the CO, 

(130) 




Fio. 61. 




The cosines of the angles lietween the fixed axes and axis (3) are (figure 61) 

cos (x, 3) = — io, cos (y, 3) = — (m, + 0) cos (z, 3) = 1 (131 ) 


and the general equation of angular acceleration around axis (1) becomes 


dW. 


— V.+I 





m) 



II Cpii>i 

-^v}\ 

1 [I] ■ 

"[7] d? 


(132) 


The weight Mg has been eliminated through equation (125). If we make the Cf?, 
the ori^n of coordinates, omit the negligible terms, and add terms for viscous damping 
and solid friction, the equation becomes 


<P6,o ^ 




(133) 


If we had used the Ewing form of attaching the spring to a point below the bar we should 
have obtained a similar equation with E and k substituted for E' and h'. The indicator 
equation becomes, writing n* for or (pl* — E'h')/[I], 




(134) 


where c is the recorded displacement of the marking point. These 2 equations are entirely 
similar to equations (25) and (26) for the horizontal pendulum, except that they do not 
contain a rotation. The physical explanation of this is that the position of equilibrium 
of the horizontal pendulum rdative to the support is altered by the rotation tOy, but that 
of the vertical motion pendulum is practically unaffected by a small rotation about 
any axis. If we place our ori(pn at the CG„, the only term in the general equation (132), 
containing the angular acceleration about (1), is (/}/[/]) which corresponds to 

the term we considered on page 158 for the horizontal pendulum. The factor /|/[/] 
will in general be small; for a beam carrying a brass sphere 10 cm. in diameter, at a 
distance of 40 cm. from the arils of rotation, it would not be as much as litri f^d since 
is, in general, much less than ^d/df, the motion of these instruments is only 
affected to an entirely ne^igible extent by a rotation aroimd the CO^. 
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The form of instrument in most general use for recording vertical motion is that 
developed by Professor Vicentini of Padua/ though the principle seems to have been used 
in Comrie, Scotland, in 1841.* It consists of a heavy mass supported by an elastic rod 
so that it vibrates in a vertical plane, and records by means of multiplying levers on 
smoked paper. Usually there is no damping. The complete theory of this instrument 
is that of a weighted elastic rod, and is very complicated. It has several proper periods 
of vibration, and it would be set in vertical motion by a horizontal displacement in the 
direction in which it points. We can, however, develop an approximate theory which 



is quite simple. Let the instrument point in the positive direction of y and let z be posi- 
tive upwards; see figure 62. Take the origin 0, at a distance ? below the point where 
the rod is supported. I^ater, ? will be considered the vertical displacement of the support. 
Ijet I be the length of the rod, J the so-called moment of inertia of its cross-section, which 
we consider constant; E Young’s modulus for the material of the rod, M the mass at its 
end, and M' an arbitrary mass. If we consider the bar but slightly bent, its curvature 
will be represented by d*z/dy*; and we have from the general theory of a loaded cantilever, 
neglecting the weight of the rod, 

EJdh/dy‘= - lifg(l-y) (136) 

Integrate this equation twice, and determine the constants of integration by the condi- 
tions that dz/dy = «, and z = S’, when y = 0; we get the equation 

6EJ(z-l:-ay) = - M'gQiiy-f) (136) 

where z refers to the point on the bar whose abscissa is y. For the CG of M', y — l, and 
letting z now represent the ordinate of this point, we get 

6 EJ{x - C - o7) = 2 M'gl? (137) 

which gives us the ordinate of the CG when it is at rest, the mass being supported by the 
slightly bent rod. 

To determine the acceleration when the weight is not at rest, we may replace M' by 
M + and by d’Alembert’s principle, equation (137) will still hold when we replace 
M^g by the force [M](?z/d(*, where d^z/d^ is the acceleration of the CG and where [il/] = 
M+ (l' +n^I" + • • • )/fj* is the effective mass of M and the multiplying levers; this 
is analogous to the value of [/] determined on page 155 and can be found in the same way 
by the consideration of the reactions of the multiplying levers. On making these substi- 
tutions we get for the equation of the moving CG in absolute codrdinates 

%EJ{z-i-ttt) = -2Mgl?-2[My^ (137a) 

^ MicrosiBinographo per la componente verticale. G. Vicentini e G. Pacher. Boll. Soc. Sismoloeica 
Jtallana, 1890-1900, voL V, pp. 33-58. 

* British Assoo. ^port, 1842, p. 64. 
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Writiog z, for the ordinate of the CG„ when at rest and the mass at the end of the rod 
is M, we get from (137) 

6EJ(z,-C-al) = -2 MgP 


The last two equations give by subtraction 


* - C = *. - i 


[3f]Pd% 
2EJ dt* 


( 138 ) 


z is the absolute ordinate of the CG, z, of the CG,) and z, — fis the ordinate of the CG, 
relative to the support. If the support vibrates under the action of earthquake waves, 
f will vary. In order to express the displacement in terms of the motion of the CG 
relative to the CG, we must move our origin to z„ I, and call the displacement of the CG 
from this point z'; that is, we substitute z — z, = s!, and since z, — fis constant when ? 
is varying under the vertical movement of the support, cPzydl^=d^^/d^; we get 


2 - 

3EJ \dt^ dty 


( 139 ) 


Introducing damping and frictional terms, and putting 3 EJ/[M]l^ = (2 '’r/T^^ = r?, this 
may be written 


dP 




(140) 


For the equation of the marking point we multiply by tn =■ m^m.^ • • • 5 and since c, the 
displacement of the marking point equals mz', we got 


(Pc , n dc , , — (Pt — , n 


(141) 


which is entirely similar to the equations of the other forms of vertical motion instruments. 

As we have only considered linear displacements, the pasition of the origin of coordi- 
nates is unimportant; but if a rotation occurs, it must lx; considered. A rotation around 
the CGq as origin would evidently have no effect, if we neglect the moment of inertia 
of the mass about its CG, as we have done. But an angular acceleration d^ajd^ around 
an axis through 0 at right angles to the paper would make z, — ^— a JL instead of z, — ? 
oonstant during the motion and would therefore add a term Id^ajd^ to (140) and 
Wdwjd!^ to (141). These terms in general would probably be unimportant. 

We SCO thus that the approximate equations of all forms of seismographs referred to 
the CGq are of the same general form; except that no rotation is present in the equations 
of the vertical motion instruments. The formulas (79a) and (81) are applicable to them 
all to determine their magnifying powers. 


SEPARATION OF LINEAR DISPLACEMENTS AND TILTS. 

A rigid body can be moved from one position in a plane to any other by means of a 
linear displacement and a rotation; altho the direction of the axis of the rotation and the 
amount of the rotation are determined by the two positioas of the body, the distance of 
the axis is not; we can choose this distance arbitrarily and then dcteimine the linear dis- 
placement to correspond ; and the total displacement of a point of the body will be the 
displacement due to the rotation around the axis plus the linear displacement of the axis; 
as the rotation is independent of the distance of the axis, the nearer the latter is to the 
body, the greater will be the displacement due to the displacement of the axis and the 
less will be that due to rotation; and there is one distance of the axis for which all the 
displacement may be expresst as a rotation. We see therefore the origin of the difficulty 



THEORY OF THE SEISMOGRAPH. 


in separating displacements and rotations;: for their relative effects in producing raove^ 
ments of the seismograph depend on the arbitrary choice of the axis for the rotation. 
This appears in equation (16), whwe the values of the various coefficients depend on the 
choice of the origin of coordinates, about which the rotations are supposed to take place. 

If we could get rid of the effects of linear displacements, we could determine the rota- 
tions. This was first done by Professor Milne,* who supported a beam by knife-edges 
at its center of gravity; and later by Dr. Schliiter.* These instruments failed to show 
any tilts at the times of the earthquakes, which therefore must be extremely small. 

A second method of determining tilts has been proposed by Professor Wiechert.* 
Let two horizontal pendulums with equal values of rd/L and gi/L be installed, one 
vertically over the other; and let the origin of coordinates be chosen at the CGo of 
the lower pendulum; its equation will be 


the equation of the upper pendulum will be 

(fiai , n da^ nliP( nlZ' tPta. . gifidta, , N _ r n 


(26) 


(142) 


it contains an extra term — {rdZ'/L)dPa>^dt^ where Z' = Z — il is, in this case, the dis- 
tance between the centers of gravity of the 2 i)endulums; the origin of this term will 
ap|)ear on referring to equation (16). On taking the difference of these two e(iuations 
we get 


(PPh- «i) . o -“0 
dt 


nl2j (Pa>, gi 
L de "^ 'x 


(tts - a,) (p,' - 7 >i') S= 0 


(143) 


which gives us a relation between the record and the angular acceleration of the earth 
alx)ut the axis of y without containing the linear displacement. If we work out the value 
of tOy and substitute it in equation (2.5) we can then find the linear acceleration. Prince 
Galitzin has shown a very elegant manner of carrying out this process by the use of his 
method of electromagnetic recording thru a galvanometer.* Professor Wiechert’s method 
presupposes that the supports of the 2 pendulums move as tho they were parts of a ripd 
Ixxly, and therefore that the motions can Ijc represented as the same rotation about the 
same axis. This would certainly not be the case if the upjwr iastrument were mounted 
in a high building, for then the vibrations of the building would interfere; and it may 
be questioned whether the condition would hold for two points at different distances 
below tho surface of the earth. But if two pendulums are mounted, one above the other 
on the same supiwt, as Prince Galitzin arranged them in his experiments, these objections 
disapfjear. 

A similar method can be applied to vertical motion ia«trument8 ; let us suppose that 
two similar iastruments an; mounted close together with their axes of rotation in the same 
straight line, but with their Ijeams pointing in opfwsite directions; it is evident that any 
vertical displacement would affect them alike, but a rotation around their common axis 
of rotation would cause movements in opposite directions. The equations of the two 

‘ British Assoc. Rc'ports, 1892. 

• Schwingungsurt und Weg dtT Erdl)c*benwellon. Gerland’s B(*itrage zur Geophysik, 1903, vol. V, 
pp. 314-359, 401-465. 

• Principicn ftir die Beurthoilung der Wirksamkeit von Seismographen. Verhand. Intern. Seismol. 
Konferenz. Gerland's Beitr&ge zur Geophysik, Erg&nzungsband I, pp. 264-280. 

^ Ueber die Methode zur Beobachtung von Neigungswellen. Acad Imp. des Sciences St. Peters- 
burg. C. R. Com. Perm. Sismique, 1905, T. II, liv. II, pp. 1-144. 
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instruments would be, on putting the ori^ of coordinates at the axis of rotation (see 
equations (132) and (134)), 


and 




(144) 


on adding these two equations, the tilt disappears; and on subtracting one from the other, 
the vertical linear displacement disappears. The two instruments record the displace- 
ment and rotation of the same point, and therefore the separation of these two involves 
no supposition as to the motions of points at some distance apart. 

Prince Qalitzin has described another method of measuring comparatively rapid tilts. 
He has shown that a bar hung by wires of equal length, attached to its ends, the wires 
themselves being fastened to the support at different heights, so that the bar hangs in an 
inclined position, will be rotated around a vertical plane by a tilt at right angles to the 
plane of the wires, and this rotation will not be affected by the swinging of the bar as a 
pendulum. This is a modification of the bifilar pendulum, designed by Mr. Horace 
Darwin for the study of slow earth-tilts.* 


‘ See C. Uavisoii, Bifilar Pendulum for Measuring Earth-Tilts. Nature, 1894 , vol. L, pp. 246 - 249 . 



DEFIRITIONS. 


(9 V 9 ^9 displacements of the ground. 

CD, rotation of the gi*ound. 

Pf period of linear displacements of the 
ground. 

Qy period of rotations of the ground. 

p^2^/P. 

Ty period of the pendulum with damping. 

Tv, period of the pendulum without damp- 

ing. 

T„ period of the pendulum without damp- 
ing when swung vertically. 

CGy center of gravity of the pendulum a1 
any time. 

CQtiy center of gravity of the pendulum when 
at rest. 

CO^y center of gravity of the pendulum sup- 
posed rigidly connected with the 
support and moving with it. 

Iiy moment of inertia of the pendulum 
about CO. 

7(1), moment of inertia of the pendulum 
about axis of rotation. 

[7], complete moment of inertia about axis 
of rotation, including the magnifying 
levers. 


My mass of the pendulum. 

ly distance of CO from the axis of rotation. 

L = [7]/3f2, distance of center of oscillation 
from axis of rotation. 

iy inclination of axis of rotation to the 
vertical. 

L* = L/iy length of simple mathematical pen- 
dulum having the same period. 

Ky coefficient of viscous damping. 

1/k, relaxation time, that is, the time re- 
quired for the amplitude to diminish 
in the proportion 1 : 1/e. 

c, damping ratio. 

logarithmic decrement. 

r, frictional displacement of medial line. 

a, amplitude of the recording point. 

Ay range of the recording point. 

Vy magnifying power for rapid linear har- 
monic displacements. 

Wy magnifying power for linear harmonic 
displacements of any period. 

Uy magnifying power for harmonic rota- 
tions of any period. 
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USEFUL FORMULA. 
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(34) 

(38) 

(38 a) 

(39) 
(44 a) 

(44 b) 

(44) 

(44) 

(64) 

(62) 

(67) 

( 66 ) 

(79 a) 

(81) 



(Q/ToY 


J 4 — l2^i_fQY+Jf«Y-iV 

>< 1.862 + log* €\To) ^ I \tJ j 


(91) 


F= ia/i = iii(/L' = o,/LW (29) and (33) 

where a, is the displacement of the pointer corresponding to an angular displacement S of the 
pendulum. 
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